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FOREWORD 
This report ig one of’a series written by members of the Solid Fuels 
Mission to Germany describing wartime developments in the mining, prepara- 
tion, and utilization of coal. This mission was organized early in 1945 
under the auspices of the Technical Industrial Intelligence Committee, which 
cooperated with a counterpart British Committee. In some instances, engi- 
. neers from other allied countries cooperated. The Solid Fuels Mission 
operated under the directicn of a steering ccmmittee headed by Dr. C. J. 
Potter, Deputy Solid Fuels Administrator. The personnel of the mission 
consisted of H. F. Yancey, in charge, Jj W. Buch, Thomas Fraser, L. L. 
Newman, and L. D. Schmidt of the Bureau of Mines; H. H. Lowry, Director of 
the Coal Research Laboratory, Carnezie Institute of Technology; H. J. Rose, 
Vice-Fresident and Director cf Research, Bituminous Coal Research, Inc.; 
and F. H. Reed, Chief Chemist, Illinois Geological Survey. 


E. O. Rhodes, Manager, Development Section, Tar Products Division, 
Koppers Co., Inc., served on the mission for the Chemical Subcommittee of 
T.L.L.C. in Evrope. His assignment was the investigation of the coal-tar 
industry. In this connection he prepared this report on the German Lew- 
Temperature Ter Industry as a companion to his previous report on the German 
High-Temporaturo Tar Industry (Burcau of Mines Information Circular 7409), 
Bocause of Mr. Rhodcs' extensive expericnce in these ficlds and the impor- 
tance of the subjcct material to the coal producers and those utilizing 
coal-tar products, both reports ar. issucda by the Bureau o: Mines. 


Over fifty reports were written by the members of the Solid Fuels Mis- 
sion. Trese, together with microfilms of supporting data obtained in the 
course of the inveetisations, are on file at the Fcreign Documents Group, 
Technical Reports Section, Bureau of Mines, Pittsburgh, Pa., where they are 
available for examination. Copies of reports available in printed form may 
be ordered from the Department of Commerce, Orfice of Technical Services, 
Washington &5, D. GC. Check or momey order accompanying order for printed 
reports should be made payable to the Treasurer cf the United States. 


A Bibliography of Scientific and Industrial Reports, covering all ma- 
terials and suojects and giving instructions for obtaining the desired items, 
has been published weekly by the Office of Technical Services. Effective 
July 1, 1948, the Bibliography of Scientific and Industrial Reports will be 
prepared monthly instead of weekly and on a more selective basis. The July 
issue, which will be the first monthly issue, willbe available about July 
25, 1948, Succecding monthly issues will appear about the 25th of each 
month thereafter through June 1949, Annual subscriptions and orders for 
individual copies starting with the July 1948 issuo should be addressed to 
the Department of Commerce, Office of Tochnical Services, Washington 25, 

D. C., and be accompanied by check or moncy order made payable to tho Treas- 
urer of the United States, Annual subscriptions for monthly issucs of the 
Bibliography cf Scicntific and Industrial Reports will be $10. Individual 
issues will cost $1 per copy. Forcign subscripticns will be $14 per year 
and $1.50 per copy. 


All orders for reports in microfilm or photostatic type of reproduc- 
tions listed in the Bibliography ot Scientific and Industrial Reports should 
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be addressed to the Library of Congress Photoduplication Service, Publica- 
tion Board Project, Washington 25, D. C. Check or money order accompanying 
orcers for microfilm or photostat reports should be made payable to the 
Librarian of Congress, 


The reports of the Solid Fuels Mission relate to the following general 
subjects: Mining methods in the Ruhr district of Germany, with special 
reference to mechanical cutting and loading equipment, pneumatic packing, 
and Diesel mine locomotives; activities of industrial research laboratories 
supported by the German coal and coke industry; coal preparation in western 
Europe; low-temperature carbonization processes; metallurgical coke from 
weakly coking coals; low-ash electrode carbon from coal; new developments 
in the production of metallurgical coke and the utilization of gas and by- 
products; briquetting brown coal and bituminous coal without the use of 
binders; recent engineering developments in gas turbines and steam genera- 
tors, with special reference to use of coals German coal-fired heating and 
cooking stoves; and the commercial extraction of coal with solvents for 
production ‘of synthetic liquid fuels or chemical products. 


Numerous reports on the activities of German synthetic liquid-fucls | 
plants and the plants for the production of synthesis gas from solid fucls 
are available in.the same office as the solid fuels reports. 


It is planned to publish in this series of Bureau of Mines Information 
Circulars the more important reports or combination of reports prepared by 
the members of the Solid Fuels Mission. A similar series on synthetic lidq- 
uid-fuel activities is being prepared. ° 


U 


A. C. FIELDNER, Chief, 
Fuels and Explosives Division 


RALPH L. BROWN, Chief, 
Coal Branch, . 
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INTRODUCTION 


Part I of the following report summarizes information concerning low- 
temperature coal-carbonization and the coal-tar industry of Germany that was 
collected in Germany between September 15, 1945, and January 15, 1946. 

Part II contains copies of brief reports that were written following each 
plant visit or interview. Part III lists all of the documents collected 
in the course of the investigation. They are recorded in FIAT Microfilm 
Reel C-98 or TOM Microfilm Reel 152. (PB L 13,093). The report number PB 
L 13,093 was assigned by the Publications Board, United States Department 
of Commerce, to catalogue this Field Intelligence Agency Technical (FIAT ) 
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or Technical O11 Mission (TOM) microfilm reel and should be used when order- 
ing the reel or its enlargement prints from the Department of Commmerce, 
Office of .Technical Services, or from the Library of Congress, Photoduplica- 
tion Service, both in Washington 25, D. C. Individual items covering given 
frame numbers in the reel may be ander ee Seperavery but are available as en- 
largement prints only. 


The newer processes in commercial use in Germany for the low-temperature 
carbonization of coal were known in the United States before the war. For 
this reason and because they had already been reported by other investigators, 
no special effort was made to obtain detailed information about them. In- 
stead, the industry as a whole was investigated, and inquiries were made to 
seo if other processes for carbonizing coal at low temperatures or new methods 
for the processing and use of low-temperature tar were being covengeee siren 
the war years. 


The investigation disclosed the fact that Germany's increased demands 
for liquid fuels between 19453 and 1945 brought about the development of a. 
low-temperature, coal-carbonization industry, which by 1943 was producing 
more coal tar than the long-established German. high-temperature, coal-car;s 
bonization industry. Additional plants were under construction when the 
war ended. 


New low-temperature plants constructed between 1933 and the beginning 
of the war-were mostly of the Lurgi- -Spulgas type. The type of coal carbon- 
ized was principally brown coal. Two plants of the Krupp-Lurgi type to car- 
bonize coking bituminous co&l also wore installed during this period. The 
capacity of one of these plants was increased during the war. . 


Plants that were under construction when the war ended were all intended 
to carbonize bituminous coal. Metal retorts with movable walls were being 
installed at two locations by Brennstoff Technik. Two plants using continu- 
ous, vertical, ceramic ovens wore being constructed by Heinrich Koppers and 
pagace Bonne} Se alien 


In connection with ews -temporature tar, it was found that approximately 
76 percent was hydrogenated to make motor fuels, about 1 percent was used di- 
rectly in fuel oils, and about 23 percent was processed to obtain fuel oils 
and paraffin. Most of the processing was carried out in old distilling and 
dewaxing plants, but one new plant was installed during the war at Espenhain, 
which employed improvcd distilling mcthods and an improved solvent-extraction 
process developed by Edelceanu Gesellschaft. 


Waste-wator disposal from low-temperature carbonization plants and hydro- 
genation plants became troublesome, and methods for removing phenols from the 
water were investigated. A new method, called the phenosolvan process, was 
developed by Lurgi and I. G. Farbenindustrie. 


The recovery of crude-tar acids from waste water led to the installation 
of equipment, particularly at Leuna, by I. G. Farbenindustrie for producing 
phenol, cresols, xylenols, and pyrocatechol. <A part of the phenol was converted 
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to cyclohexanol, cyclohexanone, caprolactam, adipic. acid, and Igamids. The 
aaa Was omaha: in aii engi aes Sanaa Plans were bein7 


| 2 Asivowistoerrs | 


The assistance of various members of the Central Eyperiment Station, 
United States eae of Mines, and of the ltiete Coe: Ines) in the pene 


. 8 6 ee 
a 
a 


assisted the author in errr the report. “The illustrations were pre- 
pared by members of the Grephic Services Secticn, Bureau of Mines, under the 
supervision of Louis F. Perry. Tho manuscript wae typed by sccretarics of 
the Bureau of Mines. oo a oe ee 


PURPOSE AND SCOPE CF THE INVESTIGATION 


The primary purpose of the investiz etion covered by this report was to 
determine to what extent the production and use of low-temper2ture tar in 
Germany had edvenced during the 10-year period prior to the close of the last 
war. It supplemented an investigction of the high-temperature cocl-tar in- 
dustry of Germany that wos reported separately in FIAT Finel Report 729 (PB 
33,270), lesued February 6, 1946, and latcr in Bureau of Mines Information 
Circular 7409, issued in September 1947. Both investigations were conducted 
during the period between September 15, 1945, end January 15, 1916. 


The production and processing of high- and low-temperature coal tars in 
Germiny in.the years immediately preceding and during the last world war wos 
carried out in two separate industries. Low-temperature tar production and 
processing plants were not associated with the plents producing or processing 
high-temperature tar.. Furthermore, low-temperature tars came almost entirely 
from brown ccal, whereas bituminous coal was the source of all or the nigh- 
tempereture tar. The low-temperature tar plants and the high-temperature tar 
plants had one point in common. Both were so cperated as to prodvce mximm 
quantities of olls suitable for use directly as fuel coils or 2s raw mterials 
Tor the manufacture of motor fuels by hydrogenation. 


This report, decling only with the low-temperature coal-tar industry of 
Germiny, will discuss briefly the history os low-temperature carbonization 
in Germany, the carbonization processes by which low-temperature tar was pro- 
duced, the quantities of tar made and their uses, processing methods, the 
recovery of phenols from low-temperature carbonization waste waters and light 
cils, and the manufacture cof chemicals from these phenols. 


SOURCES OF INFORMATION 
The information contained in this report was obtained by interviewing 


the individuals and members of the organizations listed in the following 
table: 
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Co or individual Location 
Lurgi Gesellschaft fur Warmetechnik m.b.H. .. Frankfurt a.M. 
Edeleanu Gesellschaft m.b.H. eccccocgecceccee BOrlin 

Fried. Krupp Aktiengesellschaft ......eeeeee. Essen 

Krupp Treibstoffwerke G.m.b.H. secoscccsecsesee Wanne-Hickel 
Braunschweigische Kohlen Bergwerke eoccccesee Helmstoedt 

I. G. Farbenindustrie .evssccsccceveccsecceeee Merseburg-Leuna 
Braunkohle-Benzin A. Ge coccccccvcccevvcesccees Berlin 
Brennstoft Techna k scsed6 sissies cw seee 0.0w evel: DSGEN 

Drs. LOMECK: 20.46 ous suse aesseswetecas ceeeete cus. NEGEN . 
Pivme- Cark (SU. 6 oie sb.b405 ww.s:0 oi 6a wee Siwies Recklinghausen 
Gesellschaft fur Teerverwertung m.b.H. seoeee Dui sburg-Meiderich 
Heinrich Koppers G.m.b.H. wcscccccscccceceeee HOSEN 

Julius Pintsch Kommanditgesellachaft Séteseee Berlin 

Dia RGCYINK csos eve ckeee eee hs cow ee eewwes Degen 

Dr. C. Otto and Company G.m.D.H. seovcovceeees Dalhausen 
Deutsche ErdOl A. G. sccsceccccceccccveceseee Berlin 

Didier Werke A. G. (Dr. Thau) ...ccceccecceeee Berlin 


Brief reports covering the interviews with each of the companies and 
individuals listed above are presented in Part II. 


The only low-temperature carbonization plants inspected were the Krupp- 
Lurgi installation of Krupp Treibstoffwerks at Wanne-Eickel and the Lurgi- 
Spulgas plant of Braunschweigische Kohlen Bergwerke at Helmstedt. Permission 
could not be obtained to visit any of tho other Gurman low-temperature car- 
bonization plants, with the possible exception of the Krupp-Lurgi plant at 
Velscn. No attempt was made to inspect it, because time did not permit and 
because it was reported to be like the ono at Wannc-Eickel. The two plants 
that wore visited were typical of plants that produced BPE POR ne 94 per- 
cent of Germany's low-temperature tar. 


‘The Krupp-Lurgi proccss (cmployed at Wannc-Eickel and Velecn) was the 
only one actually used during the war for carbonizing bituminous coking coal 
at low temperatures. The plant visited at Wanne-Hickel was typical of the 
two plants of that type. The: Lirgi-Spilgas plent visited at Helmstedt was 
typical of all plants cf that type used throughout Germany for carbonizing 
noncaxing bituminous coal, hard brown coal, and brown-coal briquets. 


Other types of low-temperature carbonization plants were under construc- 
tion when the war ended, particularly for the carbonizing of noncaking bitu- 
minous coal. To obtain first-hand information about those plants and about 
low-temperature plants in general, the following engineering firms were inter- 
viewed: Lurgi, Heinrich Koppers, Brennstoff Technik, Didier Werke (Dr. Thau), 
and Dr. C. Otto and Company. Each of these firms had had extensive experi- 
ence in this field and was able to furnish pertinent information. 


information about the processing of low- -temperaturo tar was received 
from the Carl Still organization, Deutsche Erdol A. G., Edeleanu Gesellschaft, 
Gesellschaft fur Teerverwertung, Dr. Reerink, and Dr. Lameck. The information 
from Firma Carl Still was particularly pertinent, because that company built 
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the only plant installed in Germany curing the war for processing low-tem- 
eee ‘coal tar. The Preis was erected at Espenhnain. for the PRES sing 
f tar from brown coal. 


During the course of the investigation it was found that one of the more 
important and interesting phases of the low-temperature carbonization indus- 
try was the extraction and processing of phenols contained in tie weter leev- 
ing brown-cval hydrogenation and low-temperature carbonization plants. Sev- 
eral methcds for extracting the phenols were used, the newest of which was 
the phenolsolvan process developed by Lurgi and I. G. Farbdenindustrie. In- 
formation about this process and about the other methods used in Germany was 
collected from Lurgi, Koppers, Still, and I. G. Farbenindustrie at Leuna. 
Previously, information concerning the recovery of vhenols from cokc-plant 
liquors had been reccived from Emschergenossenschaft, Kopbers, and Carl Still. 


The largest plant in Germany for processing phenols oxty racted from in- 
dueatrial waters ls thet of I. G. Farbenindustrie et Mereeburg-Levna. From 
phenol recovered from waste waters from brown-coal hydregenaticn and carbcn- 
ization plants, and from oils produced by the hyd:ogenation of brown ccal, 
the following chemicals sre made at Lounas cyclohexanol, cyclohcxancne, 
oxime, caprolactam, and adipic acid. Descriptions of the mcthcds used for 
the production of these chemicals were cbtained at Louna. 


In connection with the proccssing of tar acids from hydrcgcnation and 
low-tcmperature carbonization plants, an intercstinz development was the re- 
covery or pyrocatcchol or broenzcatechin. Phenols cxtracted from the water 
produced at Most (Brux) and processed at Louna were particularly rich in this 
chemical, and a large amount of rescarch was conductcd on its recovery and 
uso. Pertinent documents were obtained from Dr. F. A. Croy of Mannhcin, from 
Dr. Gunther Spengler of Munich, and from the low-temperature carbonization 
plant at Most (Brux). The ‘nr cent ion from Dr. Spengler and documents con- 
cerning operations at the Lurgi-Svulges plant ot Most (Brux) were collected 
by a FIAT team from the Liquid Fuels Group and contrituted by it to this 
investigation, . 


Incidental to the furnishing of informeticn sbout low-temperature tar, 
the Julius Pintsch organization supplied some inrormtion about the Pintsch- 
Hillebrand generator developed by that firm. ‘ 


In connection with low-temperature carbonization in Germany, the Buttner 
drier has some important applicetions, so documents on that subject (collectod 
by a team from the Solid Fuels Group) were added to the documents collected 
during this survey. | 


The documents received from all the sources mentioned above were so numer- 
ous and voluminous that they cannot bc discussed in detail or included in thelr 
entirety in this report. On this account they were microfilmed, and an index 
of the microfilmed documents (FIAT Reel C-98 or TOM Reel 152, PB L 13,093) is 
attached at Part III of:the present report. 


A summary of the more pertinent information obtained from the various 
interviews and documents, with emphasis on those phases of the subject vhat 
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have to do with recent developments, follows in Part I of this report. 
Throughout this summary reference has been made, by number, to the frames 
in FIAT Microfilm Reel C-98 or TOM Microfilm Reel 152 (PB L 135,093) that 
furnish more detailed information concerning the various points mentioned 
in this report. 


PART I. - PRODUCTION, PROCESSING, AND USE OF GERMAN LOW-TEMPERATURE TAR 


History of Low-Temperature Carbonization in Germany 


. The history of low-temperature carbonization in Germany may be divided 
roughly into four periods, as follows: First period, 1850-1918; second 
period, 1618-1933; third period, 1943-1941; and fourth period, 1941-1945. 


First Period, 1850-1918 


Low-temperature carbonization was first applied to the coking of brown 
coal in Germany about 95 years ago. Horizontal metal retorts were used for 
the purpose. In 1672, @ vertical oven of circvlar cross section was develcped 
by Dr. Rolle. It superseded the horizontal retorts used prior to that time 
and was adopted almost cxclusively during the remainder of this period. 


Second Period, 1918-1933 


The low-temperature carbonization of bituminous coal began in Germany 
in 1918 owing to an acute shortaze of mineral oils. Three different contin- 
uous processes, cach involving the use of rotating inclined rctorts, were 
developed. Tho semicoke produced by these processes was of poor quality, 
and the tar was contaminated with coal dust. However, because oil] was needed 
at any cost, these uncconomical processos werc operated until fucl and oil 
markets returned to normal, They were then given up almost completoly. 


During this period the throughput of the Rolle ovens, developed in the 
preceding period, was increascd by carbonizing brown-coal briquets instcad 
of raw brown coal. Also, in 1924 Geisscn introduced an oven with a rovolving, 
vertical, corrugated, cast-iron cylinder. Predricd, screonod, brown coal was 
carbonized in this equipment. Several plants of this type were still .oper- 
ating in Germany at the end of World War II. 


Third Period, 1933-1941 


During this period the continued need for increased quantities of fuel 
olls of all kinds renewed interest in low-temperature carbonization. An inm- 
proved retort was introduced by Geissen in 1935 and built by Borsig under the 
neme Borsig-Gelssen oven. Only a few plants of this type were erected. Both 
Lurgi and Kollergas developed processes for carbonizing noncaking bituminous 
coal and brown-coal briquets, in which carbonization was carried out by means 
of hot gases circulated through a bed of the coal to be carbonized. 


Also, during this period the Krupp and Lurgi organizations jointly de- 
veloped the Krupp-Lurgi process, in which caking bituminous coal is heated 
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indirectly and ere in slotted steel retorts. Brennstoff-Technik 
also developed a metal oven for carbdonizing caking bitumincus coal. t was 
equipped with movable walls to facilitate removes of the coke by gravity at. 
the end of the coking period. = a 


Fourth Period, 1941-1945 


The ever- ineteneine need. for fuel. oils netne the war caused other meth- 
ods for carbonizing coal at low temperatures to be considered, and three firms 
experienced in the construction of ceramic ovens collaborated in the develcp- 
ment of vertical ceramic ovens suitable for the low-temperature coking of 
noncaking bituminous coal. .Large installations were under construction by 
EKeinrich Koppers G. m.bsH.. and Didier Weyvke Peas in Upver Silocia when the 
war ended. a a ne ee ee 

More detailed information concerning the history and development of lcw- 
temperature carbonization in Germany is contained in a atatement writton by 
Dr. Adolf Thau for use in the vreparation of this report. The statement is 
entitled "The State of Low- Temperature Carbdenization in Germany Before the 
Conclusion of the War" (framos 1-50; 51-301). Additional infcrmation is 
given in Dr. Theu's pook, “Kohlonschwclunge" (frames 202- 418), and in Amt 
fur Technik der N.S.D. ‘ALP. "Bericht Ubor atc Tegung een esae Treibstoff«,' 
Nurnberg, October 1936" frames 425-82). | 


* B+ © 8 © 6 & 


Low-Temperature Carbonization Plants in pore on at End of World War aid 


The types of low-temperature carbonizing plants used in Germany during 
World War II, their locations, and the quantities cf tar produced by each in 
1944 are suimevined in table 1, the information for which was furnished by 
the Lurgi Geselsechaft ‘tly Wermetechnik m.b.H. 

No attempt will be made in this report to describe in detail the various 
German low-temperature carbonization processes listed above. Most. of them 
have been described in articles published before the war. «Following are brief 
statements concerning each of them and references to the frames in FIAT Micro- 
film Reel C-98 or TOM Microfilm Reel 152 (PB L poe whore more detailed 
information is given. 


Lurgi-Spulgas Process: Frames 3-53; 93-97; 231-234; 264-266; 385 -389 ; 
525-5343 767-7733 T74-7&53 971-972. 


e7Th9 mae eee 


Google 


I.C. 7490 


TABLE 1. - Low-temperature carbonization plants operating 
| in Germany in 1943-1944 


nn Ree proauction, 


| Tar procuction, 
Group . tons Sate c) 
No. | Kind of coal, company, and process | per yearl 
I Coking bituminous coal . 
Krupp-Lurgi process | 
Treibstoffwerke, Wanne-Bickel ccccccccvcccncves | 20,000 


Saargruben BRUT ene ene LTSClet ts Velsen cecvecees 


& 000 
7 | 26,000 
1 Caking, noncoking, bituminous coal 3 


Lurgi-Spulgas process 


| 
oe Treibstoffwerke, Most (Brix). | 1, 000, 000 
2,633,000 


Approximate equivalent production in U. S. gallons may be found by ml- 
tiplying by 250. This factor is derived by dividing the weight of l 
metric ton, expressed in avoirdupois pounds, 2.204,62, by 8.829, which 
is the weight, in avoirdupois pounds, of aU. S. gallon oi low-temper- 
ature tar of 1.06 average specific gravity. 


| 
II: 
| Lurgi -Spulgas process | 
I. G. Farbenindustrie, Oswiecim (Auschwitz) ... | 60, 000 
O.H.W. Blochhammor .ccscsccccccvcccvcccsvvsccee | 140,000 
Karsten-Zentrum Grube, Bouthon .eocccccsceescvee | 5 000 
| Z | 205 ,000 
III | Soft brown coal | ~  e 
Lurgi-Spulgas process 
- Braunschwoigieche Kohlenworke, Cfflebden .eceeee | 120 , 000 
Ricbecksche Montanwerk::, Nachteratudt ..csecone | 50,000 
Ricbeckscho Montanwerke, Deuben seeeeetiteeeees| 80 , 000 
Deutsche Erdol, Rogia evcccccnsccncvsccensceves 130,000 
Braunkohlonworke Salzcotfurth, Deutzon .eeecese | 90 , 000 
Akt. Sachsi sche Werke, Esponhain ce oeececcccece | 350, 000 
Akt. Sachei sche Werke, Bobuch: sicewsscaaes caweed 280 , 000 
Akt. Sachsische Werke, Hirschfclde seidivieine ties | 
| Anhaltische Kchlenwerke, Profen ..ccccrccosvces 
Borsig-Gelssen process 
Leipziger Braunkohlenwerke, Kulkwitz .ecceccoes 
Rolle, old Geissen, etc. (older plants) prceane 150,000 
IV | Hard brown coal 
| 
| 


During the years immediately following World War I, Lurgi Gesellschaft 
fir Warmetechnik m.bd. H., Frankfurt, Germany, developed a carbonizing device 
in which circulating gases penetrate the coal charge as heat carriers. This 
device, now called the Lurgi-Spulgas retort, was described in 1936 as follows: 


The low-temperature carbonization oven by the Lurgi*** 
has the following features: Subdivision of the operation in- 
side of the oven into three distinct zones: (1) Complete dry- 
ing of the fuel, (2) low-temperature carbonization, and (3) 
cooling of the semicoke. An even effect of the low-temperature 
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carbonization is assured by a very uniform distribution of the 
heat-carrying gases over the whole square-sectional area of the 
oven, which is vertically subdivided into two shafts, and by 
preventing the fuel from separating into particular sizes. Only 
heat-resisting materials are used for the construction of those 
parts where higher tomperatures are applied.***, The initial 
complete drying of the fuel very much cases the subsequent low- 
temperature carbonization and at ‘the same time considerably re- 
duces the amount of obnoxious effluents. The reduction of the 
heat requiroments in the low-tvumperature carbonization zonc 
permits omploying low volocities of tho heat-carrying gascs, 

and thus a tar is recovered with very low dust contcnt. . The 
recovery of the largcr portion of the scnsible heat of tho scml- 
coke and the utilization of the waste gases lcaving the drying 
zone down to tho point of saturation cffect a very low total 
consumption of heat for the low-tomperature carbonization in 
the oven. By avoiding the application of movable parts inside 
of the oven and by an cxclusive use of ccramic materials in 

the zono of high temperatures, a long lifo of these ovens is 
assurcd,. 


By 1936, when tho above statoment by Dr. Ing. F. A. Octkon was made be- 
fore the goncral mecting of the Vercin Diuvtschcr Ingcenieure at Darmstadt, 
about 40 Lurgi ovens, cach having a daily capacity of 3250 to 450 metric tons 
of raw brown coal, were in operation or under construction in Gcrmany. Ac- 
cording to information obtained from another source, thore were 62 Lurgi 
ovens in opcration by the first of 1938. 


Figure 1 (framc 773) shows tho arrangement of the equipment in a typical 
Lurgi- Spulzas plant used for the carbonization of brown coal, The raw brown 
coal, containing about 54 percent moisture, is transported from the open mine 
to a storage and feed bunker, from which it is transported to a crushing 
plant, where, by means of roller screens and "Titan" breakers, it is reduced 
in size to 0-20 mm. (0-0.7874 inch). .The fine raw coal is next conveyed to 
the drying plant, where its moisture content is reduced to about 15 percent. 
Drying is carried out by fecding the fine wet coal into combustion gases 

rocuced by burning a portion of the carbonization gas in a combustion cham- 

er. The dried coal recovered from the combustion gascs by means of a cy- 
clone and an electrical precipitator is briquetted by a pross. The briquets 
are clevated to the top of the low-temperature retort, where they drop into 
the top scction cf the retort or drying oven. Hore tho briquets are com- 
pictely dried by combustion gasos generatod by the burning of gas from the 
Spulgas retort. In the drying oven the briquets, on losing water, fall mostly 
apart, and dry granular particles are formed, which move down by gravity into 
the low-tomporaturc oven, whero carbonization takos place in the prescnce of 
oxygen-frec combustion gases having a temperature of 600°-700° C. (1,1120- 
1,292°9 F.). Granular coke is discharged from tho oven through a lock and 
ia cooled by watcr and air in a rovolving cylindcr. From tho lattcr it is 
transportod to bunkers, from which it is loaded into cars. 


The combustion gnscs lceving the carbonizing oven p28 first through a 
scrubbor, whore water sprays and 2 rotating scrcin remove dust and heavy tar. 
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The gases then pass through an electrical precipitator, which removes light 
tar. The light and heavy tar are combined and shipped to hydrogenation 
plants. The tar-free gases from the electrical precipitator pass through 
indirect coolers, which condense middle oil, from which the head and tail 
fractions are removed in a middle-oil still. The head fraction is combined 
with the benzine vapors coming from the wash-oil still, whereas the tail 
fraction is added directly te the tar. By this precistillation of the mid- 
dle oil before its middle product jcins the recirculating wasn oil ahead of 
the Feld washer, good washing is maintained and virtually all of the remain- 
ing condensible liquids are removed from the carbonization gas. The wash 
oil, partly saturated with crude benzine after leaving the Feld washer, is 
distilled in a benzine stripper and is then recirculated back to the washor. 
A certain portion of the uscd wash oil is discharged to tho tar. The crude 
benzine recovered is partly refined and partly hydrogenated to motor fuel. 


Waste water leaving the plant at various points contains cubstantial 
quantities of pnenols, which are recovered at some of the low-temperature 
carbonization plants. 


| The coke is screened into suitable sizes for industrial and domestic 
purposes. The fine material is used in boiler plants and in the Winkler 
gasification process, the middle size mainly in gas producers, and the large 
size as mouecnone fuel and in central heating plants. 


Information eencdaine the capacity, yields, and other pertinent infor- 
mation for a typical plant of this type at Offleben, near Helmstedt, Germany, 
is given in Part II in the report covering a visit to the plant of Braun- 
schweigische Kohlen Bergwerke (see page 62). 


Krupp-Lurgi Process: Frames 7-9; 248-253; 389-390; 508-50°; 
| | © 514-5eh; 5653 575-579; 581; 972. 


The Krupp-Lurgi process was developed shortly after World War I by 
Friedrich Krupp A. G. A pilot plant was built at the Amalic plant of 
Friedrich Krupp near Essen, and later it was rebuilt on a commercial scale. 
Further modifications with increased capacity were made during World War II. 


‘Similar development of the same process took place in the Saar. An 

- experimental plant was installed by Saargruben A. G. at its Heinitz plant 
near Neunkirchen (Saar). Later, the same company erected a commercial plant 
at Velsen. | 


In the Krupp-Lurgi process as carried out at Wanne-Eickel, Ruhr, and at 
_Velsen, Saar, weakly caking bituminous coal was carbonized in steel ovens 
heated by recirculated combustion gases. Each oven consisted of six vertical 
carbonizing chambers 3.1 m. (10.2 feet) long, 2.1 m. (6.9 feet) high, 76 m. 
(3 inches) wide at the top, and 100 m. (35.9 inches) wide at the bottom, 

set parallel to cach other, with spaces between, which comprised the flues 
through which hot combustion gases were circulated. Fach oven was provided 
with a top cover, a bottom closurc, and a grid. The latter was used to close 
the bottoms of the carbonizing chambers during the charging and carbonizing 
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periods. The grid was so arranged that it could be moved horizontally to 
close or open the bottoms of the coking cHambers. The ton and bottom covers 
were water-sealed when in use, so that no gas could escape from the oven. 
The ovens were constructed entirely of boiler-plate steel. They were in 
good condition after several years of operation and were exnected to have 

a life of at least 10 years. 


To charge an oven, the grid was moved into position to close the bottoms 
of the chambers, the top cover was rolled horizontally to one side, and coal 
was charged by gravity froma larry car into all six chiumbers a ee ee 
Each oven, comprising six cells, was charged with ebout 2 tons of coal. 

After a carbonizing period of 6 hours the top cover was azain rolled aside, 
the bottom cover was lowered by means of an hydraulic-jack mechanism mounted 
on a car that could be moved to one side, the grid was moved horizontally to 
open the lower ends of the coking chambers, and the coke was pushed by six 
rams operated Simultaneously from above and discharged by gravity into a 
quenching car. 


The ovens were heated in the following manner: The combustion gases 
from a gas-fired combusticn chamber were circulated by 2a fan through flues 
running to and from four ovens. In each oven the combustion gases from the 
furnace passed between the chambers and back to the furnace. At regular 
intervels the direction of the comoustion gases through the flues was reversed 
so as to heat the walls of the chambers uniformly. The temperature of the 
heating gas entering the oven was 610°-620° C. (1,130°-1, 148° F.) and qoaane 
the oven was 560°-580° C. (1,040°-1,076° F.). 


The coke was discharged from the quenching car onto a coke wharf, from 
which it was conveyed by a vibrating conveyor to an inclined elevator. The 
latter discharged it into a breaker of novel design. This device broke the 
Slabs of. coke into small nieces without producing a large proportion of fines. 
A detailed description of the coke breaker is given in B. I. 0. S. Final 
Report 391, Item 30 (PB 34,738), "A New. Coke Breaker", 1946, by C. H. Noton. 
After leaving the breaker, the coke was lowered by a movable loading chute 
into cars. 


The manner in which the gases from the ovens were handled to recover 
low-temperature tar, ammonia liquor, and benzine is shown in figure 2 (frame 
565). The quantities of coal carbonized and coke and other products made, 
as indicated in the flow diagram, apply to 24 new ovens installed during the 
war (1943) at the Wanne-Eickel plant of Krupp Treibstoffwerke. The original 
plant at Wanne-Eickel, built in 1937, had 32 ovens, some of which were de- 
stroyed during the war. They differed somewhat from the later ovens. . Im- 
proved charging mechanism, grates for closing the bottoms of ene homers. 
improved bottom covers, and other changes were incorporated in. the ok "new" 
ovens. The total yearly capacity. of the Wanne-Eickel plant in 1943. was rated, 
in metric tons, as follows: Semi-coke, 204,000; fuel oil, 1,200; and motor 
fuel, 1,920, | 


More complete descriptions of the Krupp-Lurei installation at Wanne- 
Eickel are given in the following reports: C. I. 0. S. File XXV-25 (PB 233), 
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"Krupp Treibstoff Werke G. m. b. H., Wanne-Eickel - Fuels and Lubricants", 
1945, by C. C. Hall and A. R. Powell; C. I. 0. S. File XXXII-91 (PB 4,328), 
"Lurgi Gesellschaft flr Warmetechnik, Lurgi Haus, Frankfurt-am-Main", 1945, 
by H. Hollings and J. G. King; and C. I. 0. S. File XXXI-30 (PB 4,325), 
"Krupp-Lurgi Low-Temperature Carbonization Plant of Fried. Krupp A. G. at 
Wanne-Eickel near Bochum, Germany", by H. H. Lowry and H. J. Rose. Further 
details also may be found in Part II of the present paper, covering the 
visit to Fried. Krupp Akt., Essen, and Krupp Treibstoffwerke G. m. Db. H., 
Wanne-Eickel. A complete description of the Kurpp-Lurgi process is given 
in Bureau of Mines Information Circular 7395. 


Geiseen Process: Frames 3; 507-508; 971. 


During the years immediately following World War I, two new processes 
for carbonizing brown coal were introduced in Germany. One of these was the 
Lurgi-Spulgas process described above, in which carbonization was effected 
by direct contact betwcen the brown coal and recirculated hot combustion gases. 
The other was the Geissen proccss. The arrangement of the metal retort uscd 
in the Geisson process is illustrated in figure 3 (framc 507). Operation is 
ag follows: Brown coal is dricd to approximatcly 15 percent moisture (from 
54 percent) in a separate drier. It is then carbonized in the Gvissen oven 
while passing downward between a revolving corrugated cylinder (made of a 
special iron alloy) and stationary annular collars. This results in a con- 
tinuous turning of the pieces of fuel as they pass downward in a thin layer 
and immediate withdrawal of the low-temperature carbonization products threugl: 
offtakes for primary gas and char. 


The retort is heated by passing combustion gases from a central gas 
burner between the external wall of the burner and the internal wall of the 
revolving corrugated-iron cylinder. Each retort of this type has a capacity 
of about 150 metric tons of raw brown coal (54 percent water) per day. Uv 
to 1938, about 35 units of Geissen ovens had been installed in Germany. Sev- 
eral of them were still operating during World War II, but no new ones hed 
been built after 1938. 


Borsig-Geissen Process: Frames 3; 224-230; 384-385. 


In 1935, Borsig modified the Geissen low-temperature oven and introduced 
the Borsig-Geissen oven or retort. Its arrangement is illustrated in figure 
4 (frame 224), Instsad of using a corrugated, revolving cylinder made of 
heavy iron castings, the Borsig-Geissen retort used a plain stainless-steel 
tube for the rotating member. The burnor was situated at tho top of this 
member, and the combustion gascs, after passing downward through tho rotat- 
ing cylinder, passed upward through a jacket surrounding the retort. Partly 
dried brown coal introduced at the top passcd downward between the rotating 
cylinder and the stationary baffles, as in the old Geissen oven. The coal 
chargod to the retort mst not be larger than 1/2-inch and met not contain 
more than 10 percont of fines below 1/25-inch size. The char was discharged 
from the bottom of the oven. Part of the oven gas was uscd for heating the 
retort; the remainder was withdrawn from the side. 
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Figure 5. - Modern Rolle retort for low-temperature 
carbonization of brown coal. 
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Besides four test ovens at diffcrent places, only one commercial plent, 
belonging to the Leivaiger Braunkohlenwerke at Kulkwitz, was built in Cer- 
many. This pliant had operated since 1937, but in 1944 only a few of the 20 
retorts were in operation because of the lack of stainless cast steel. 


Rolle Process: Frames 3; 222-224; 335-339; 507. 
; . ‘ 

A vertical oven of circular cross section for. the low-temperature car- 
bonization of brown co2l was developed by Dr. Rolle in 1372. ° Meny modifi- 
cations were made in attempts to increase its cfficiency, but, owing to low 
capacitics (3-15 tons per day) and low tar yields, no new units wore built 
after about 1924, when Ceissen introduced his all-metal oven with the corru- 
gatcd, vertical, revolving drim. It is reported that there were 588 Rolle 

ovens in Germany in 1938. 3 | . 


One arrangement of the Rolle oven is shown in figure 5 (frame 223 
The partly dried brown coal to be carbonized passed downward in the annular 
Space between a central metal cylinder and an external ceramic cylinder. 
Heating of the coal was effected by heating flues arranged around the ex- 
terior of the ceramic cylinder. In the older model of. the Rolle retort, 
the inner evlinder consisted of overlapring, narrow, conical, cast-iron 
rinses. In the newer model (fig. 5, frame 223), the upper one-third of the 
inner cylinder was constructed in this manner, but the lower two-thirds con- 
sisted of plain, cylindrical, cast-iron rings (a). Moisture liberated in the 
unper zoné was withdrawn throurh the opening between the overlapping cast- 
iron rings (da) and left the retort from outlet (f). In the lower zone, the 
carbonization gases were withdrawn through the plain cast-iron cylinder (a) 
and left the retort through oncning AB): 


Related Benes: 


Mention is made at this time of two processes that wcre not included 
in the preceding list of "Low-Temverature Carbonization Plants Operating in 
Germany in 1943-1944" (see table 1, page 12). They are mentioned here, how- 
ever, because each of them was related, at least indirectly, to the low-tem- 
rerature carbonization industry. The -two processes 2re, respectively, the 
Weber and the Pintsch or Pintsch-Webder. The following discussions of these 
rocessces are based upon information furnished by Adolf Thau of Didier Werke, 


soa Berlin. 


Weber Process: Frames 26-28; 5&, - Weber has develoved processes. in 
Cermany Tor the brigquetting o? semi-coke and for the production of briquets 
from noncaking bituminous cel, which are subsequently subjected to low- 
temrerature carbonization to obtain t2r and smokeless fuel. The operation 
of one of Weber's processes ‘of the latter tyne is illustrated in ficure 6 
(frame 58). 

The coul is carried by an elevator to a crusher, from which it, drops 
into 2 feed tank. From the lntter it passes to a mixer, where a suspension 
of cley and concentrated sulfite liquor from pulp plants ure conbined with 
it in proper proportions by heating and vigorous agitaticn. The mixture then 
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passes to a roll press, where briquets are formed. They are dried on slowly 
moving belts until most of the water has been expelled. They are then sub- 
jected to low-temperature carbonization to produce “very reactive, dense, 
hard, and smokeless-burning briquets or ovoids.” 


According tc Dr. Thau, "this process, though old in itself, has been 
developed further, and it now forms the bridge over which metallurgical coke 
may be manufactured from noncaking coals and even from brown coal. There is 
no doubt that not only in Germany, England, and France, but also in the United 
States, a distinct shortage of good-coking coal makes itself more and more 
acutely felt, while noncaking coals rich in volatile matter are available 
in abundance." 


further possible application of Weber's processes to the briquetting 
of iron ore is discussed by Thau, as follows: 


Weber, who has in the meantime made uso of every suitable bind- 
ing medium which offers the greatest cconomy, has developed a further 
process which is likely to have a great effect upon the present mode 

of pig iron manufacture. There is no doubt that the richest iron 
ores on the Continent as well as in England and in the United States 
contain large proportions of smalls, and others are so soft that the 
blast furnace can be burdened with them only if they are briquetted 
rirst. In any case the operation of the blast furnace is always 
hampered by the iron ore dust partly kept in suspension by the 
blast furnace gas and partly being deposited where it is not wanted 
and frequently gives rise to serious troubles. 


Weber developed, based upon his former research work on bri- 
quetting, a process which is to manufacture pig iron without using 
coking coal or metallurgical coke and utilizing at the same timc 
gsmall-grained or soft-lron ores. To accomplish this Weber mixes 
finely-ground noncaking coal and powdery ore in a certain propor- 
tion, adds a binder, such as, for instance, pitch, o1l residuals, 
or partly hydrogenated coal, and transforms the mixture by roller 
presses into ovoids, which are subsequently subjectcd to low-ten- 
peraturo carbonization to recover the primary tar. By distilling 
the latter, pitch for binding the next batch of ovoids is being 
recovored, Tho carbonized ovoids can be used as a fucl for liquid- 
slag gas producers or for low-shaft furnaces and in both cases a 
pig iron of good quality is being produced at the same time. The 
carbon contained in the ovoids suffices to effect a chemical re- 
duction of the iron ore. If there is a large excess of carbon, 
the furnace or gas producer may be burdened in addition with a 
corresponding proportion of lumpy iron ore. 


The large volumes of gas produced may be utilized for syn- 
thetic purposes, and Weber further suggests a combination with a 
coal-hydrogenating plant in order to improve the economical re- 
sults of the latter by way of using the coal which has been partly 
hydrogenated. 
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It would exceed the scope of this report to go into further 
Cetails in connection with the processes developed by Weber. 
They are sure to be realized sooner or later if at first only to 
a moderate extent. By these processes, low-temperature carboni- 
ation will get on to a sound foundation by being wedged in as an 
indispensable bridge between other industrial processes, and the 
products recovered will be oils and gas only while the semi-core 
is belng worked up oven with the ore in the pig-iron 
manufacture. 


If it comes to a general introduction of the Weber process 
into the tron works, their face will undergo an extensive altera- 
tion inasmuch as the coking plants will disappear completely, and 
in their place a low-temperature carbonization plant will supply 
the fuel which, in the shape or briquets, already contains the 
iron ore in ve right proportion. Tne hign-blast-furnace stacks 
would disappear to mako room for low-shaft furnaccs. If the works 
are coupled with a plant for the manufacture of synthotic gasoline, 
liquid-slag produccrs will take the place of the blast-furnace stacks 
and will supply the gas necessary for the synthcsis. If the works 
are to be couplcd with a high-pressure hydrogenating plant, the 
coal will only partly be hydrogenated and will then be used for 
manufacturing the briquets, while the residual from the distill- 
ing of the hydrogenation oils will be used as a binder if such 
is at all required under these circumstances. 


Pintsch-Weber Peocece: Frames 21-23; 53. - Several years before World 
War II, Julius Pintsch Kommanditgosellsahaft, Berlin, developed a Spulgas 
‘low-temperature carbonization process that operated in connection with chain- 
grate stokers on boiler installations. Numerous boiler installations using 
brown-coal briquets or bituminous, nonceking lump coal without large pro- 
portions of fines were equipped to use the Pintsch proccss. Hot combustion 
gases Were drawn throven the coal in tho magazine as it passcd downward to 
the chain grate. Eot semicoke passcd from tho bottom of the wInmagazinc onto 
the grate. The gas leaving the top of the magazine pasrcd through a tar 
extractor and then went to a burner undcr the boiler. Tho technical mili- 
tary authorities attcmptod to havc all boilcrs using bituminous coal or 
brown-coal. briqucts equipped for the Pintsch process in order to recover 
primary tar for usc as fuel oil by the Navy. However, thesc attempts were 
unsucccssrul, and:no boiler Sr reaeone were so cquipped during the lattcr 
part of uae war. - « 


For Boles (Avealiattions: that must depend on fuels containing a large 
proportion of.fines, the processes of Pintsch and Weber were combined in the 
manner shown in figure 7 (frame 53). The fine bituminous coal is elevated 
to a coal bunker, from which it drops into a mixer, where a binder is acded. 
The mixture of soa and binder is then fed into a roll press, where briquets 
are formed. They are conveyed by a slow-moving elevator with broad, perfo- 
rated buckets to a bunker. Hot gases introduced into the housing of the 
elevator at the bottom escape at the top and harden the briquets as they are 
conveyed upward to the bunker. From the bunker, the briquets slide into a 
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carbonizing shaft, where they are convertcd to semi-coke before discharging 
onto the chain grate of the boiler. The hot geses are drawn upward through 
the carbonizing shaft as the briquets pass downward. Tar leaving the car- 
bonizing shaft with the hot gascs is removed by means of tar extractors. 


Low-Temperature Carbonization Plants under 
Construction at End of World War II 


In addition to the plants described above that were actually operating 
when the war ended, other plants were under construction and «till others 
were in the planning stage. The following plants were under ccnstruction: 


Heinrich Koppers plant et Oheim mine of Bergwerksvcrwaltung Ober- 
echlesion, Katowice (Kattowitz) - continuous, vertical, ccramic ovons with 
a capacity of 1,000,000 metric tons per year of weakly caking, bituminous 
coal and estimated tar production of 92,000 metric tons. 


Didier Werke plant at Oswiecim (Auschwitz) - 24 chambers, 550 metric. 
tons per day of noncoking coal, or 200,000 metric tons per year. 


Brenmnstoff Technik plants at Marienau by Bergwerksverwaltung Klein- 
rosseln, Forbach, Lorraine (Lothringen) » (1) 16 ovens, 500,000 metric tons 
rer year of bituminous-coal briquets, half-completed at end of war, and 
estimated tar production of 50,000 metric tons; and (2), the same as (1), 
construction just started at end of war. 


Brennstoff Technik plant at Jawischowitz by Bergwerksverwaltung, 
Katowice (Kattowitz), Upper Silegia - 500,00C metric tons per year of bitu- 
minous nut coal, construction started, and estimated tar production of 42,500 
metric tons. 


Following are brief descriptions of the processes employed by Koppers, 
Didier Werke, and Brennstoff Technik, respectively. 


Heinrich Koppers Process: Frames 556-564. 


When the war onded, a Koppers low-temperature carbonization plant was 
under construction at the Oheim mine of Bergwerksverwaltung Oberschlesien, 
Katowice (Kattowitz), in Upper Silesia. It was to be used for coking an 
Upper Silesian high-volatile bituminous nut coal. 


The dimensions of cach oven, in millimetors, were as follows: Total 
chambcr height, 11,500; length of chamber, 3,500; width of chamber at top, 
250; width of chamber at 5,700 mm. below the top, 350; and width of chamber 
at bottom, 350. Equivalent dimensions in fcet are 37.7, 11.5, 0.8, 18.7, 
1.1, and 1.1, respectively. | | 


The oven walls were lined with fire brick, but the heating flucs were 
constructed of silica. By means of automatic revorsing equipment, the 
heating gases were to pass alternately upward and downward through the voer- 
tical heating flues and through the upper and lower’ regcnerators. The 
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arrangements of the flues and regenerators with respect to an oven chamber 
are shown in figures 8 and 9 (frames 563 and 564). Figure 9 also shows 
diagrammatically how, by means of auxiliary burners, additional heat could 
be supplied to the upper and lower regenerators as desired in order to in- 
crease the temperature in the upper or lower part of ee chamber or maintain 
a vniform temperature over its entire height. 


Above each unit of 15 ovens was a coal bunker from which coal dropped 
into the feed hopper on the top of each oven chamber. From the feed hopper 
the coal dropped into the carbonizing chamber and the coke was discharged 
into a bottom hopper, from which it was withdrawn into-a tilting cart, which 
transported it to a epectss Quenching station. 


In order to aeececn the coke entering the discharging ise Hani ee: & por- 
tion of the sas from the chambers, free of tar and benzine, was returned to 
each chamber near the bottom and just above the coke-discharge outlet. Also, 
water injectcd into the coke produced steam, which mixed with the recircu- 
lated gas and passed upward through the coke in the chamber, where water gas 
was formed in addition to low-temporature carbonization Bas. 


The cvéns or chambers were to be heated either by part of the oven gas 
or by gas produced in Benerarore trom coke of 3-20 mm, (about 1/8- 3/h inch) 
sizo. 


The flow of the gas from the ovens was as follows. Leaving the ovens 
through two standpipes, it passed through collector mains to indirect coolers, 
followed by mechanical or electrical tar separators. 


Removal of free ammonia was effected in the final cooler, from which the 
gas passed to the benzine-absorption equipment and then to holders. A part 
of the gas, as indicated above, was returned to the bottoms of the ovens for 
precooling sae coke. 


The operating esulte when carbonizing Upper Silesian, high-volatile, 
bituminous, nut coal containing 5 percent moisture and 7 percent ash and 
making coke with 3 percent volatile matter and gas with a gross calorific 
value of 4,500 kg.-cal. per normal cubic meter (or 470 B.t.u. per cubic 
foot at 60° F. and 30 inches He pressure, saturated),were expected to be 
as follows: Coal throughput per chamber per day, 25 metric tons; coke yield 
(3 percent moisture content), 64 percent; gas yield per metric ton of coal, 
300 normal cubic meters; gross calorific value of gas per normal cubic meter, 
4,500 kg.-cal.; gross calorific value of gas per kilogram of coal, 1,250 kg.- 
alae low-temperqture tar yield, 9.2 percent; low-temperature penzine yield, 
0.8 percent; and heat consumption per kilogram of coal, 550 ky.-cal. Equi- 
valent English units are: Gas yield per short ton (2, 000 pounds) of coal, 
10,330 cubic fect at 60° F, and 30 inches Hg pressure, saturated; gross 
calorific value of gas per cubic foot at 60° F, and 30 inches Hg pressure, 
saturated, 470 B.t.u.; gross calorific value of gas per pound of coal, 2,250 
B.t.u.; and heat consumption per pound of coal, 990 B.t.u. The combined 
tar and benzine yicld amounted to 87 percent of that found by the Fischer 
assay. 
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Some of the advantages claimed by Heinrich Koppers G.m.b.H, for this 
type of equipment were as follows: 3 | e 


1. Low-temperature processes using iron retorts must operate at or 
below 600° C. (1,112° F.), avoid local overheating, and use relatively small 
chambers. These precautions are not required in the Koppers process. 


2. Low-temperature carbonizing processes using circulating combustion 
gases for heating the coal produce tar and gas of inferior quality, as com- 
pared with tar and gas produced in the Koppers process. 


7 3, ‘The gas yield is greater in the Koppers process, and stronger coke 
is produced, owing to the higher temperatures employed. 


be By recirculating a portion of the oven gas to the carbonizing chan- 
ber, the efficiency of carbonization is raised 5C pcrcent above that of proc- 
esses in which no gas is recirculated. 


5. The coke produced in tho Koppers process is more completely devola- 
tilized than coke from iron retorts, but its reactivity is high. 


| Prior to tho receipt of the order in 1942 for the installation at Oheim 
mine, tho Hvinrich Koppers Co. had installed plants of this type for gas pro- 
duction in gas plants, fcr calcining petroleum coke (Erftwerke A. G. Greven- 
broich), for coking ovoid briquets at 700° C. (1,292° F.) (Mines de Carmaux, 
South France), for coking weakly caking high-volatile bituminous coal at 
700° Cc, (1,292° F.) (Mines de Bruay, South France), and for production of 
mixed gas (distillation gas plus water zas) from noncaking, high-volatile 

bituminous, nut coal (Nitrogen Works, Ube, Japan). 


‘Didier Werke Process: Frames 9-13; 31-34. | 


According to Dr. Thau of Didier Werke, Berlin, he had suggested in 1938 
that continuous, ceramic, vertical-chamber ovens be used in Germany for the 
low-temperature carbonization of noncaking coal. He pointed out that verti- 
cal ovens had been employed for this purpose by Woodall-Duckham at the Rich- 
mond Gas Works near London, but the chambers were constructed of metal and 
did not last very long. Similar ovens with ceramic chambers and operated 
semicontinuously were installed a few years later by the Fuel Research 
Institute, Greenwich. | 


Didier Werke, acting on Dr. Thau's suggestion, constructed a trial unit 
at Stettin for use on a semicommercial scale. Then, according to Dr. Thau, 
Heinrich Koppers G.m.b.H. altered the design of the continuous vertical- 
chamber ovens which it was building in Upper Silesia for the manufacture of 
"reducing char" in such manner as to permit the continuous low-temperature 
carbonization of noncaking coal. | 


According to Dr. Thau, Dr. C. Otto & Company then modified its continv- 
ous vertical-chamber ovens so as to carbonize noncaking coal continuously at 
low temperatures and collaborated with Didier Werke and Heinrich Koppers in 
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the .successful development of COME ARMODE, ceramic, vertical- “chamber, 3 ieee" 
Cote ee) carboniz ing equipment for noncaking coal, Y Cae Se oe 


The reason why the same type of equipment is not suitable for. the low- 
temperature carbonization of caking coal in spite of the fact.that vertical 
ovens were designed originally for saci ca gas coke from caking coal 
is explained by Dr. Thau as follows: Cae te , ee ss 


In order to penetrate the coal charge evenly and within ._ 
@ reasonable time, the low-temperature carbonizing chamber must 
_ be pretty narrow (about 200 mm, or 7.9 inches). Since semi- 
_ coke does not contract as mch after carbonization has been | 
- completed as high- -~temperature coke, and since the friction Bet Up 
_ between wall faces and coke ends would be too great to be over- 
come by the weight of the charge, the coke charge is sure to 
stick in the ovens, and for this reason only noncaking coal 
is treated in these ovens. Owing to the continuous downward 
movement of the coal charge, the slight caking of coals hav- 
ing. such a tendency can easily be prevented by ree the 
coal before it enters tho chamber. 


In ‘a commercial plant designed by Didier Werke, the ovens had the fol- 
lowing dimensions: Height, 930 mm; length, 400 mm.; width, 220 mm. at top 
and 280 mm. at bottom. Equivalent English jiieneiont are; "Height, 3.1 feet; 
length, 1.3 feet; width 6.7 inches at top and 11.0 inches at bottom. The 
throughput of the plant, consisting of 24 chambers of this size, was 300,000 
metric tons of noncaking coal per year. The arrangement of the Didier Werke 
oven with respect to heating flues and regenerators is illustrated by frames 
31, 32, and 53. This plant was said to have been under construction at 
Oswiecim (Auschwitz) when World War II ended. Post 3 


In the Didier Werke equipment, like that of Heinrich Koppers G.m.b.H., 
recirculated, tar-free, chamber gas was introduccd into each chamber, above 
the coke extractor. By recirculating a larger or smaller amount of gas, the 
velocities of gases and vapors expelied from the coal could be regulated so 
that the length of time during which the vapors and gases remained inside 
the chamber could be adjusted within wide limits, resulting in corresponding 
adjustments of tar quality and yields. | | 


fremmahote Mooi’ Process: Frames 8;. 97-99; 245-28; 445- Aho s 486- 4&9; 
| | 190- 491; 495-506; 668-672. 


Brennstoff Technik, Essen, was: founded in Germany in 1933 to develop a 
process for the low-temperature carbonization of coal that involved tho use 
of movable chamber walls. The process was tricd first in-s small pilot plant 
in Essen, Between 1935 and 1939, larger-scalo tests wore made.in.a plant 
' having a daily capacity of 10 to l2 metric tons of fine coal. This plant 
was built for Delbruckschachte der Proussischen Borg-und Hittcnbau As Gs 
Hindenburg, Upper Silesia. A test plant having a daily throughput of 30. 
metric tons of fine coal or 50-60 metric tons of nut coal or beg te a ts 
operated by the Stadtischon Gaswerko in Berlin botwocn 1938 and 1944, 
picture of this plant is shown in figure 10 (fram 495), 
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Full-scale development of the Brennstoff Technik process was planned 
in 1942, when the German Government announced a program for the low-temper- 
ature carbonization of 23,000,000 metric tons of coal per year, of which 
14,000,000 metric tons were to be carbonized in Upper Silesia, 6,000,000 
in the Ruhr, and 3,000,000 in Lorraine (Lothringen). As a part of this 
program, four new plants of 500,000 metric tons capacity each were to be 
constructed. One of these was to be a plant using ceramic chambers. (The 
order for the vertical, ceramic, chamber oven plant in Upper Silesia was 
placed by the German Government at that time.) 


The other three plants included in tho program were to be of tho B.T, 
(Brennstoff Technik) type. An order for Brennstoff Technik to build two of 
these plants in collaboration with the Mineralol-Baugescllschaft, Berlin, 
was received from the Bergwerksverwaltung Kleinrosseln, Forbach, Lorraine 
(Lothringen, State Plant). They wore located at Marioneu and wore known as 
Marienau I and Marienau II. Each was to have 16 ovens and be used for the 
low-temperaturo carbonization of coal briquets. 


The order for the third B.T. unit, also to be built by Brennstoff Tech- 
nik in collaboration with the Minoral§l-Baugoscllschaft, was placed by Berg- 
werksverwaltung, Katowice (Kattowitz), Upper Silesia (State Plant). This 
plant was to have 20 ovens and be used for the low- ~tomporature carbonization 
of nut coal, Its. location was Jawischowitz. 


When the war ended, Marienau I was half finished, and tHe construction 
of the Marienau II and Jawischowitz plants had been started. 


The arrangement of an oven of the B.T. type for the low-temperature car- 
bonization of 50 metric tons of fine caking coal per day is shown in figure ll 
(frames 487 and 488). The operation of the oven was as follows: Fine caking 
coal was dropped from an overhead larry car into the carbonizing chambers or 
spaces between the movable iron heating walls. After carbonization had been 
completed by heat from combustion gases circulated through the movable walls, 
the walls were pushed apart by a mechanical device and the coke dropped into 
@ quenching car. The manner in which the movable walls are comnected by ducts 
(which also serve as trunnions) to the inlet and outlct flues for hot com- 
bustion gases is indicated in figure ll, 


Low-Temperature Carbonization Processes Under Development in Germany 
at End of World War II ) 


In addition to the low-temperature carbonization processes described 
above which were actually in use or for which commerical plants wore being 
constructed during World War II, two other processes were being considered 
or were under development, according. to Dr. Adolf Thau of Didier Werke A.G., 
Berlin. Following aro brief discussions of cach based upon information rec- 
ceived from Dr. Thau.. The processes are discussed under the following titles: 
(1) The Buttner Drier and (2) The Blumer Process. 


The piittnor Drier: Fremes 14-16; 35; 938-957: 958-961; 962- es 1159- -1199; 
ae | 1200- -1230 P 
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g. Combustion furnace 
b. Revolving shelf with disc rings hh. Recirculating pipe for combustion gases 


i. Waste gas outlet 


d. Circulating fan shaft k. Coal feed 


e. Circulating fans 


1. Coal slot 


f. Gear drive for circulating fans =m. Char discharge 
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Bittner coal drier adapted to low-temperature 
carbonization of fine coal. 
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The Buttner drier is mentioned briefly here because, according to Dr. 
Thau, before the end of World War II it was being considered for the low- 
temperature carbonization of fine noncaking bituminous coal. 


Dr. Thau commented as follows concerning the use cf the Buttner drier 
as a low-temperature carbonizing device: “The utilization of noncaking fines, 
such as floated coal or slimes, oil shale, and all such materiais which cannot 
be treated by the ovens mentioned above (B.T., Krupp-Lurgi, Lurgi- -Spulgas, 
Geissen, Borsig-Geissen, Rolle, Didier, Koppers, and Otto) offered a scricus 
probdlem, which, however , hag in the meantime been solved quite successfully 
by adaptins the Buttner turbine drier for the purpose. The application of 
the dricr to the low-temperature carbonization of fine, noncaking , bituminous 
coal wag One RNS in several places before the cnd of the war. 


Figure 12 (frame 35) shows two pene: in cross section, of a Buttner 
drier arranged for the low-temperature carbonization of fine coal. The fol- 
lowing description was furnished by Dr. Than. A stationary cylindrical hous- 
ing (a), well-insulatcd against heat losscs by radiation, encloses a struc- 
ture consisting of circular shclves (b), which are revolved slowly by an 
electric motor (c). A verticel shaft ~ (4) in the center of the dricr supports 
several circulating fans (c), the blades of which are sloped like those of a 
turbine. The fans are rotated by means or a gear (f) in a direction opposite 
the direction of rotation of the shelves. If hot waste gases from some nearby 
source are not available, hot combustion gases are produced by burning pow- 
dered fuel or gas in a furnace (g). The hot combustion gases from the furnace 
pass into the cylindrical chamber and then are drawn between the shelves by 
the turbine fans and upward to the top of the drier, where a part of the 
combustion gas is recirculated back to the furnace through a pipe (h), and 
the remainder is released tc the atmosphere through a butterfly damper (1). 

The coal to be dried or carbonized enters through a top opening (k). It. 
enters at a uniform rate, so as to be distributed evenly on tke top disk or 
shelf. When the coal has mado one revolution on the top shelf it is forced, 
by means of a stationary adjustable scraper, to drop through a slot (1) onto 
the next lower-rotating shelf, whore the process is repeated. After one 
revolution on cach of tho shelves in the drier, the dried coal or low-ten- 
perature coke is discharged through a bottom opening (m) onto a belt, which 
transfers it to the screening plant. The coal is not agitated violently while 
péssing through the drier, and dust formation is small. 


Buttner dricrs are manufactured by Buttner-Worke A.G., Ucrdingen-Krefceld. 
A visit to that company is reported in C. I. 0. S. File XXxIII-17, Item 30 
(PB 28,744), "Coal Driers, Buttner-Werke A. G., Uerdingen-Krefeld", 1945, by 
H. Bardgett, which also give further information concerning Buttner driers. 


The Blumer Process: Frames 23-26; 54-7. 


About 1936, Dr. EB» Blumer developed a process in Germany for the low- 
temperature carbonization of coal, The Borsig Company investigated this 
process but did not carry it beyond the project stage. Dr. Blumer then 
organized the Blumer Fuel Corp. in London but was unable to obtain suffi- 
cient backing for his enterprise. During the war, experts of the German 
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Government became interested in the process and obtained Government aid for 
the construction of -a semicommercial plant with a capacity of 10 metric tons 
of bituminous coal per day. <A site for the plant was selected in Berlin but 
had to be abandoned because of air raids. Another site was then chosen near 
Munich, and construction was started, but the plant had not been some 
when the war ended. 


Figure 13 (frame 54) shows the flow sheet for a Blumer process plant hav- 
ing a daily capacity cf 100 metric tons of bituminous coal. According to this 
flow sheet, 60 metric tons of powdered coal is mixed with 40 metric tons of 
oil. Tho mixture is then subjected to a pressure of 30 atmospheres (441 pounds 
per square inch), preheated, emulsified, extracted, distilled, and decomposed 
in six steps. Distillate oil and a residuc consisting of a mixture of coal 
and oil are the two products resulting from these: six operations. 


From the distillate oil are obtained 40 mctric tons of oil to be returned 
to the process for mixing with more coal, 6.5 metric tons of fuel oil, 6.5 
metric tons of Diesel o1l,and 8.5 metric tons of crudo benzine. The residual 
mixture of coal and oil is mixed with 40 metric tons of fine coal, and this 
mixture is carbonized to yicld 65 metric tons of coke. The gas gcnerated in 
the process is used for heating purposcs. 


Figure 14 (frame 55) shows the arrangoment eineaed. for a Blumor plant. 
The various parts of the plant are as follows: (1) Delivery of powdcred coal, 
(2) coal-dust bin, (3) oil-storage tank, (4) high-level tank for o11, (5) 
coal-fcoding arrangenont; (6) of l-moasuring arrengomont, (7) mixer for coal 
and oil, (8) pressurc pum for colloidal fuel (coal-oil mixture), (9) storage 
tank for colloidal fucl, (10) oporating tank for colloidal fucl, (11) pressure 
pump for hot colloidal fuol, (12) prohcator, (13) retorts with hollow revolv- 
ing cylindors inside, (14) oven sctting, (15) vapor off-tako, (16) cxpansion 
vessel, (17) drain pipo, (18) carbonizing ovens, (19) return pipe for col- 
loidal fuel, (20) furnace for expansion vessel, (21) vapcr off-take, (22) 
rectifying colum, (23) dephlegmator, (24) gas outlet, (25) water cooler, 
(26) separator, (27) light-o1l overflow, (28) water off-take, (29) collecting 
main, (30) hot-oil pipe, (31) o1l cooler, (32) pipe for gasses and vapors, (33) 
Diesel oil-drain pipe, (34) Diesel-oil cooler, (35) Diesel-oil off-take, (36) 
fuel-oil pipe, (37) fuel-o1l cooler, and (38) fuel-oil off-take. 


According to Dr. Thau, "The most vital parts of this process are the 
cylindrical steel retorts in which the colloidal fuel is heated and agitated 
under a pressure of about 30 atmospheres (441 pounds per square’inch):" The 
arrangement of one of these retorts is shown in vertical cross section in 
figure 15 (frame 56) and in horizontal crose section in figure 16 (frame 57). 


_Dr. Thau comments as follows on the future of the Blumer Process: "This 
is no doubt a very interesting process, but a definite. judgment as to its suc- 


cess cannot be passcd until the resulte of the trial plant, still under con- 
struction (near Munich), are availablco." 
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40 tons 60 tons 40 tons 
fine coal coal dust oil 


mixture 
30 atmospheres 


Coal and coal-oil residue 


Carbonization oven 


Distillation of oil 
8.5 tons crude benzine 
6.5 tons Diesel oil 
6.5 tons fuel oil 
Heating gas 40 tons lubricating oil 


65 tons coke 


Figure 13. - Flow sheet for BlUmner process (throughput, 1!00-metric tons 
of coal daily). 
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Figure 14. - Arrangement of equipment in Blumner plant (see text for numbering of parts). 
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I.C, 7490, 
Quantities of Low- ~Temperature Tar Produced and Their Uses in 1943 


The quantity of low-temperature tar produced in 19h3 by plants owned 
or operated by German interests was approximately 2 , 633,000 metric tons or _ 
658,250,000 U. S.’ gallons. It is interesting to note that the total quan- 
tity of high-temperature tar processed in that same year by all tar plants 
under German control was approximately 2,28¢,000 metric tons or’ about 
503,580,000 U. S. gallons. In other words, the quantity of low- eae 
tar exceeded tho quantity of high-temperature tar by approximately ah, 000. 
tong or 154, €70, 000 gallons. 


~ Abont 91 percent of the total low- -tomperature tar Spoduced: in 1983, came 
from brown coal, Of this, 84 percent came from Lurgi -Spulgas retorts and 
the remainder, | 7 percent, peu eee Borsig-Geisscn and Rolle retorts, | 


: “Approximately 9 ‘percent of the low-temperature tar produced in 1943 _ 
came from bituminous coal. Of this, 8 percent came from noncaking bitumin- 
ous coal carbonized in Lurgi-Spulgas retorts and 1 percent from caking bitu 
minous. coal carbonized by the Krupp-Lurgt procoss. 


When the war onded, four new plants for the low- panineva luxe carboniza- 
tion of bituminous coal wero undor construction. They would have produced 
another quarter of a million metric tons or 62,500,000 U. S.. gallons of low- 
temperature tar if they had been completed, ‘gaking the total production about 
2,883 , 000 motric tons or 720,750, 000 U. s. gallons per year. 


The quantities of low-temperature tar produced in 1945 from each kind 


of coal and by each plant were given in table 1, page 12. Table 2 shows what 
disposition was made of the low-temperature tar from each kind of coal. 


TABLE ec. - peepee tron or low-temperature tar from each kind of 
| . coal. carbonized in 1 >a 


Group en | Tons of tar} | 
No, Kind of coal carbonized | (metric) Disposition of tar 
I |Coking, bituminous 26,000 |Navy fuel. 
‘II’ |Caking, noncoking bitumino 205,000 jHydrogenation to fuel oils, 
III ISoft brown coal - 4 600,000 |Distillation to fuel oils, par- 
: : a | affin wax, and electrode coke. 
, do. | 800,000 |Hydrogenation to fuel oils. 
LV ‘Hard brown coal 1,000,000 |Hydrogenation to fuel oils. 


From the above it may be observed that hydrogenation to fuel eens was he 
outlet for 2 (005; 000 metric tons of low- -temperature tar or 76.1 percent of the 
totel amount produced. Six-hundred thousand metric tons, or 22.8 percent, was 
distilled and processed for the recovery of fuel oils, paraffin wax, and elec- 
trode coke. Twenty-eight thousand metric tons, or about 1.1 percent, was used 
directly as fuel o11 by the Navy.. From this it my be seen that: substantially 
all of the low-temperature tar was used for fuel purposes. Virtually the only 
other products wero paraffin waxand electrode cokce.. These products were made 
from the ea 000 motric tons of low- temperature tar which wore abit itee: 
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Processing of Low-Temperature Tar 


- In general, it may be said that three metheds were used for the process- 
ing of the low-temperature tar produced in Germany during World War II: (1) 
Blending with oils from-cther sources, (2) hydrogenation, and (3) distillation 
and ereckings 


Blending With ois From Other Sources: Frames , 599- 606. 


Much of the Gide emperavune tar produced from dcoling bituminous coal in 
the Krupp-Lurgi installations at Wanne-Eickel (Ruhr) and Velsen (Saar) was 
blended with high-temperature tar oils and aromatic fuel oils from Fischer- 
Tropsch synthetic-fuel plants or from Bergius hydrogenation plants. 


Some mixtures of low-temperature tar and paraffinic oils were prepared. 
According to Dr. Demann of Fried. Krupp A.G., it was found that the addition 
cf phenols or phenylhydrazine to the low-temperature tar would prevent sludg- 
ing of such mixtures, but to avoid the use of admixtures attempts were made 
to remove the asphaltenes from the tar before adding 1t to the paraffinic 
oil. Tho procedure developed for this purpose consisted in diluting the low- 
temperature tar with benzene in the proportion of ton parts benzene to one 
part tar. The asphaltcncs procipitat tcd by tho benzol were scparated frem 
the liquid portion of the benzene-tar mixture by decantation, and the latter 
was then extracted with dilute caustic scda to remove phenols and distilled 
under vacuum to remove the benzene. The yield of asphalt-free low-tempera- 
ture tar extract made in thie manner was said to be 80 percent, the remainder 
being asphalt ard phenols. According to Dr. Demann, the oll freed of asphalt 
end tar acids in this manner may be used to make additional low-temperature 
tar miscible with paraffinic oils. 


a interesting method | of measuring the miscibility cof aromatic and paraf- 
finic oils by means of a Hoppler viscosimeter was described by Dr. Demann. 
Mixtures of tho two materials under investigation are made in different pro- 
portions. The viscosity of each mixturs is detcrmined with two balls of dif- 
feront. sizes. Mixtures that show no tendency to sludge give the samo viscos- 
ity reading with cithcer ball, but the two dcetorminations arc different when 
there is actual or ineipicnt. sludging. | By this means, ranges of miscibility 
and nonmiscibility may bo established for mixtures of aromatic and nonaro- 
matic oils. 


Hydrogenation 


As stated previously in this report, “hydrogenation to fuel oils was 
the outlet for 2,005,000 metric tons of low-temperature tar or 76.1 percent 
of tho total amount produced.” From this it my be scon that hydrogenation 
was, by far, the most important mcthod of processing to which low-temperature 
tar was subjoctod. 


The conversion of low-tcmpcrature tar or combinations of brown coal and 
low-temperature tar to liquid fucls by hydrogenation has bcen doscribed in 
detail by other investigators. Complete descriptions of such processes are 
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Figure 17. - Flow diagram of coal-hydrogenation plant (prior to 1937) at Leuna, |. G. Farbenindustrie, Merseburg. 


given in Bureau of Mines Information Circular 7370, July 1946, “Report on 
the Investigation by Fuels and Lubricants Teams of the I. G. Farbenindustrie 
A. G., Leuna Works, Merseburg, Germany",edited by R. Holroyd. This compre- 
hensive ccmpiliaticn is also issued as C. I. O. S. File XXXII-107, Item 30 
(PB 6,650), “Investigation by Fuels and Lubricants Team at the I. G. Farben- 
incustrie A. G. Works at Leuna”, 1945, by R. Holroyd, Editor. Flow diagrams 
are given for the conversion at Leuna of raw brown-ccal tar to middle oil 
and the conversion of the middle oil either to motor gasoline or to aviation- 
base gasoline. .Flcw diagrams also are given for the hydrogenation of mix- 
tures of raw brown-coal tar and brown coal to produce motor gasoline. In- 
formation is given in the same report converning the hydrogenation of 
bituminous coal at Blechhammer and hard brown coal at Most (Brux). Figure 

17 (frame 673) illustrates the brown-coal hydrogenation process as carried 
out at Leuna,. 


Distillation and Cracking 


The 600,000 metric tons of low-temperature tar distilled in Germany in 
1943 were processed in five plants. Four of these plants, handling a total 
of about 400,000 metric tons per year, used similar methods of distillation 
and paraffin-wax recovery. The names and locations of these plants are as 
follows: Riebecksche Montanwerke, Webau; Anhalt. Kohlenwerke, Kopsen; 
Deutsche Erdél A. G., Rositz; and K, V. G., Golzau. | 


The fifth plant, belonging to Aktiengesellschaft S&chsische Wer rke, was 
located at Eepenhain near Leipzig. It handled about 200,000 metric tons of 
tar per year. It employed tar-distilling, oil-redi stilling, and pitch-car- 
bonizing equipment installed during the war by tne Carl Still organization 
of Recklinghausen and a solvent-dewaxing process devcloped by Edeleanu 
Gesellschaft m.b.H., Berlin. The latter process was first tried in a pilot 
plant by Deutsche Erdol A. G. at Rositz. 


Following are brief descriptions of the methods employed for tho proc- 
essing of low-tcmporature brown-coal tar by Devtsche Erdol A. G. at Rositz 
and by Akt. Sachsische Werke at Espcnhain. They arc bascd upon information 
received from Doutscho Erdol (framcs 755-764); Edcloanu Ges. (frames 739-754), 
and Carl Still (frames 636-658). 


Doutsche Erdol A.G. Plant at Rositz: Frames 755-764. - Two processes 
wore used for working up the low-tempcrature brown-coal tar at Rospitz. One 
was & distillation process and was operated primarily to obtain paraffin wax 
and heating oil. The purpose of the other process, which omployed cracking, 
was to obtain Diescl motor oil and heating oil. 


1. Distillation cf the low-tcmpcraturc tar to obtain crude benzine, 
heating oil, crude-pareffin oil, and asphalt. 


2. Redistillation of the crude paraffin oil to recover additional heat- 
ing oil and asphalt end to make the las oil more readily Gretna one 
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3, Cooling of the redistilled paraffin oil to 18° C. (64.4° F.) and 
filtering to obtain hard-paraffin wax and a filtrate oil ccntaining soft- 
poses WAX. 


4, Cooling ie -29 C, (28.49 F.) and filtration of the above filtrate 
to obtain soft-paraffin wax and a filtrate of heating-cil quality. The 
soft wax goes to paraffin oil II. 


5. The hard-paraffin wax is washed with caustic soda and water to re- 
move phenols. The phenols are liberated from the caustic solution with car- 
bon dioxide and added to the heating oil. 


6. The washed, hard-pareffin wax is separated by sweating into fore- 
runnings high in oil and of low-paraffin content, 2 residue reasonably oil- 
Tree but high in paraffin, and oil-free paraffin. The forerunnings go to 
paraffin oll II, end the residue, by repeated sweatings, is separated into 
oil-free paraffin and paraffin oil II. 

7. The sweated paraffin is refined with sulfuric acid. The refined 
paraitfin is separated from solids by centrifuging and then cast in blocks. 


€, The sulfuric sludge containing some paraffin is extracted with ben- 
zine and scparated from insoluble matter by filtration. The benzine solution 
is distilled to rccovor the benzine end to obtein persffin, which is return:d 
to step 5. . 


9. Asphalt obtaincd from tho initial distillation of the tar and from 
the rcdistillation of the crudc-paraffin oil is Cistilled to electrode coke. 
The distillate contsining peraffin is added to pereffin oil II. | 


10. Paraffin oil II, consisting of soft-paraffin wax from steps 4 and 6 
and asphalt distillate from step 9 is redistilled to obtain redistilled 
peraffin oil II, heating oil, and asphalt. The rcdistilled paraffin oil II 
is then trceatcd in the manner described in steps 3 to 9 


The following products were made at Rositz by this process in 1942-1943 
from 150,000 metric tons of crude low-temperature, brown-coal tar: 


\ 


vric 
tons Percent 
Heating Ol) .iiase66s.ees 97,500 65.0 
Paraffin .wcscscoveceeees 19,500 15.0 
Electrode coke ..s.eo.eee. 12,750 8.5 
Puel. COKO seteeeeeseaes: 5,790 2.5 
Gas and loss .sseeeeeees 16,500 11.0 


The cracking process used at Rositz for working up brown-coal tar was 
operated as foJ.lows: 


1. The low-temperature tar was topped to 300° C. (572° F.) to remove 
crude benzine and heating oil as distillates and to improve the quality of 
the products from the cracking operation. 
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2. By pressure treatment at 430°-450° Cc, (806°-840° F.) and 40-60 atmo- 
spheres (5€8-882 pounds per square inch), the topped tar was cracked to _ 
obtain crude-pressure benzine, pressure gas oil, asphalt, and cracking 
still gas. The latter was used for heating purposes.’ : 


3. The pressure benzine was refined with caustic soda and sulfuric 
acid and separated by fractionation into benzine and gas oil, whose sub - 
sequent treatments gave finished products. . 


4, “The crude pressure-gas oil was refined with caustic soda and sul- 
furic acid and redistilled. The distillate, after treatment with caustic 
soda and Fuller's earth, was gas oil or Diesel oil. 

\ \ 

De The refining and distillation residues were distilled, together 
with the cracked asphalt, to a solid residue, which was graded according to 
its asphalt content as fuel coke or electrode coke. The asphalt distillate 
was returned to the other process for paraffin recovery. 


The products made at Rositz by this cracking process in 1944-1943 
from 80,000 metric tons of tar were as follows: 


Metric 
tons Psrcent 
Hvating oil grcececccees 37,600 47.0 
Benzine, 156 Gs sevaies 2,400 440 
Benzine, 150°-185° c. .. 800 1.0 
Diesel Gil: sciessscaavee 36,000 20.0 
Blectrodée coke wsscxeness F600 «. ~%.0 
FUG] COke sscetiesivasace. “2,400 — 3.0 
Brown-coal-tar pitch... 4,800 6.0 
W608 Of JOSS da cceees ees 10,400 13.0 


Ay G; Sachsische Werke Plant at Espen enhain: Frames 636-658; 739-754. - 
In the years immediately preceding and during eke early part of World War II, 
@ large plant was erected at Esepenhain, Germany, by A. G. Sachsische Werke 
under the auspices of the German Reich. It included a brown-coal mine; 
electric-power plant; a Lurgi Spulgas plant for. the low-temperature carboni- 
zation of the brown coal to produce low-temperature coke for the power plant, 
low-temperature tar, and light oil; a tar-distilling, oil-redistillation, 
and pitch-coke plant; and an Edeleanu plant for the solvent rcfining of the 
tar distillates to recover paraffin wax, heating oil, and Diesel oil. A 
description of the plant ie given in Cy Ls O« By File XXVIII-23, Item 30 
(PB 1,106), "A. G. Sachsische Werke-Espenhain, Kreis Borna, Germany", 1945, 
by G. S. Bays, J. P. Jones, and B. L. Mackusick; also available as a part of 
TOM Microfilm Reel 196. 


The manner in which the Edeleanu process is employed in connection 
with the refining of brown-coal tar is illustrated by figurc 18 (frame 752). 


The following information concerning the tar-distillation, pitch-car- 


bonizing, and Edeleanu sections of the plant is based upon reports received 
from the Carl Still and Edeleanu organizations. 
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Tar distillation. - The operation cf the tar-distilling section of the 
plant is illustrated by the flow diagrams in figures 19 and 20 (frames 640 
and 641). <A brief description of each opsration follows. 


Tar centrifuging: Frames 643-645, 


The crude brown-coal tar, together with distillato o1l from the pitch- 
coke plant, is centrifuged to remove entrained solids and water (fig. 21, 
frame 645). The tar is pumped to an elevated fcced tank, where it is heated 
by stcam coils. It then flows by gravity to horizontal centrifuges. Ex- 
cess tar, which does not enter the centrifuges, flows to a collecting tank, 
from which it is pumped back to the feed tank. Tho tar enters the centri- 
fuges through charging valves, which are operated by air or oil pressure. 
When the basket of a centrifuge is filled, the valve automatically closes. 
The tar in the basket of the centrifuge separates into three layers; namely, 
a solid residue, a watery intermediate layer, and clean tar, The tar is 
removed first by means of a tube directed by hand. The intermediate layer 
is removed next in the same manner, and later is centrifuged again to sepa- 
rate the tar and water. The rcsidue is then removed by a plow operated by 
oil or air pressure. The residue slides down a chuto into a truck, by which 
it is transferred to cars. The casings of tho centrifuges are heatcd. 
Vapors from tho ccntrifuges are conveyed to coolers. The centrifuged tar 
goes to tanks, from which it is pumpcd to tho atmospheric tar still. 


Atmospheric distillation; Frames 646-649, 


The centrifuged crude tar is pumped through a scries of heat exchangers 
and condonaurs to a gas-hoated pipe still (fig. 22, frame 649), from which 
it discharges into a combincd flash chamber and fractionating column oper- 
ating under atmospheric pressure. Stcam superheated in the convection sec- 
tion of the pipe still is introduced into. the bottom of the flash chamber. 
Light oil and water leave the colum at the top. Paraffin-free and paraf- 
fin-containing fractions leave the colum ag side streams. The residue 
from this atmospheric distillation leaves the bottom of the colum end is 
puupet to the Seeuum stat: 


Vacuum distillation: Frames 646-649, 


_ The residue from the atmospheric still is pumped throvgh a second pipe 
heater (fig. 22, frame 649), from which it is passed through a valve into a 
combined flash chamber and a colum operating under about 50 mm. (about 2 
inches) Hg vacuum absolute.. Superheated steam is introduced into the bot- 
tom of the flash chamber, water and & distillate containing paraffin leave 
the top of the colum, and a second distillate containing paraffin is taken 
eas a side stream from the column. The residue from this operation is soft 
pitch. 


Distillation to hard pitch: Fremes 456- 458, FIAT Microfilm Reel C-96 
or TOM Microfilm 150, (PBL 13,096). 


The soft pitch from the Sxenun SUL is transferred to either of two 
intermittent, gas-heated stills operating under vacuum. Figure 23 (frame 
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Figure 22. - Flow diagram for atmospheric and vacuum distillation of tar, A. G. Sachsische Werke, Espenhain. 
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458) shows the arrangement for.a' plant heving one. still and necessary auxil- 
jaries. Vapors from the stills are condensed with coil condensers, and the 
condensates flow oy gravity to-recéivers. The distillation of the soft 
pitch is carried out principally ‘py hot cambustion gases bubbled through 
the pitch. Same heat is supplicda- ‘by a gas burner beneath the still. - The 
hot -canbustion gases are: generated: in:the following manner: Gas, diluted 
with combustion gases from the combustion. chamber of. the still, is purned 
in a small vertical furnace. The oxygen-free cambustion gases from this 
furnace, at a temperature of about 600°-C, (1,112° F.), enter the still 

and are introduced below the surfuce .of the pitch by means of a special 
distributing pipe. At the completion of distillation, the hard pitch is 
transferred by vacuum to a heated receiver, from which it can be transferred 
in liquid form to the pitch-coke ovens. The capacity of this part of the 
Plant, using both stills, is about 40 metric tons of hard pitch per day. 


Pitch carbonization: Frames 652-656. 


The liquid, high-melting-point pitch is transferred to gas-heated feed 
tanks, from which it is pumped into scparate regenerative coke ovens huated 
thr ough the side walls by vertical flues (fig. 24, trame 656). The coke is 
pushed from cach oven by a mechaniccl. pusher and quenched with water. The 
coke is loaded into cars by means of. a velt conveyor. The vapors from the 
ovens are condensed, and the condensate is added to crude brown-coal tar 
Charged to the centrifueals bs tar stills. 


Oil redistillation: Frames: 650-651. 


The paraffin-containing distillates from the atmospheric and vacuum 
stills and from the hard-pitch still sare combined and redistilled inter- 
mittently in gas-heated vertical stills equipped with agitators (fig. 25, 
frame 651). The latter are used to avoid overheating of the residues and 
to shorten the time of distillation. Several stills ere employed for this 
purpose. The oil to be redistilled yields very. little residue, so tne dis- 
tillations are conducted in such manner as to provide the minimum emount of 
residue needed in each still to avoid decamposition. A still containing 
partly distilled oil is charged with fresh oil. Atmospheric distillation 
is then used to remove light oil and part of the distillate. Vacuum is 
then used to remove additional distillate. The cambined distillates from 
the atmospheric and vacuum'distillations are transferred to the Edelvanu 
Plant for wax extraction’ with sulfur dioxide. The residue from the vacuum 
distillation is returned to the stills, in which soft pitch is distilled 
to hard pitch by means of Bon combustion gases, 


Edeleanu Solvent Dewaxing. - The processes developed by Edeleanu Gesell- 
Schaft, Berlin, for the dewaxing.of the paraffin-containing distillates from 
brown- coal tar are discussed at length in an article vy Prof. Ernst Terres, 
Edeleanu-Gesellschart, frames 739-755. They are also discussed and illus- 
trated by means of a, flow diagram in C. I. O. S. File XXVIII-23, Item 30 
(PE 1,106),."A. G, Sachsische Werke-Espenhain, Kreis Borne, Germany", 1945, 
by G. S. Bays, J. P. Jones, and 5. L. Mackusick, also available as a part 
of TOM Microfilm Reel 196. Briefly, the process, illustrated above in 
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figure 18 was as follows: The redistilled oil fram the tar plant contain- 
ing paraffin wax was first extracted with SO. The extract was added to 
the paraffin-free oil from the tar plant, and the mixture was extracted with 
benzine to obtain Diesel oil and heating oil. The slurry resulting fram 
the SOp extruction of the wax-containing distillate was filtered in a spe- 
clal band filter, in which the wax was washed with dichloroethane to remove 
contaminating oils and obtain raw hard wax, which, after acid and clay 
treating, yielded purified hard wax. The filtrate fray the filtering oper- 
ation mentioned above was cooled to -20° Cc. (-49 F.) and again filtered and 
washed in the band filter with dichloroethane. The raw soft wax recovered 
by this operation was clay-treated to produce finished soft wax, and the 
filtrate was added to the Diesel oil produced by the benzine extraction of 
the SO extract end paraffin-free oil mixture. Figure 26 is an illustration 
of the bana filter used to remove the hard wax. A description of this fil- 
ter and its operation is given on pages 56 and 57. According to Prof. Terres, 
the over-all yicld in weight percentages of products from the crude, low- 
temperature, brown-coal tar treated in the manner described above was as 
follows: 


Product Percent 
Benzine and water wececoee Lee 


Hard paraffin ccccacccecae 10.5 
Soft paraffin weeeeecenceos  & 9 
Diesel O11 weccceccvsccoes 53.3 
Heating oil Coerecoecosreecos 34.7 
Electrode coke ceseccsceee 70 
Gas and 1088 .ccccescceve Go 


The products made in the entire plant of A. G. Sachsische Werke, Espen- 
hain, in, Joh, were reported in C. I. 0. S. File XXVIII-23, Item 30 (PB1, 106), 
"A, G. Sachsische Werke-Espenhain, Kreis Borna, Germany", 1945, by G. S. Bays, 
J. P. Joos, and B. L. Mackusick; also available as a part of TOM Microfilm 
Reel 196, to be as follows: 


Proiuct Metric tons 
Brown~coal briquetS esceccceces 2,696 ,000 
Tar from low-temperature plant. 297 , 000 
Coke from low-temperature plant 1,400,000 
PUCI. OL, Satire oestees We e-waw 004 o-008 42,778 
DicSel O11 cccccseccvecsccccveve 14 ,699 
Herd. WOX Weed vane see wea ceeeas 6,541 
DOL y WAX Vive cer ceweegeecaae'sas 4 676 
Hlectrode COk€ secvecccsvcveccece ‘ 7,080 
25 percent crude phenols .eccee 32,000 
ROLLE FLY “wiio sbi bw ao o rw Sates Sree are @ 22,000 
Car bOliG-ACid: «ssewneeee se cesar 9 ,600 


Tar Distillation Process Developed by Byk-Guldenwerke, Chemische Fabrik A. G. 


Byk-Guldenwerke Chemische Fabrik A. G., Berlin-Orenienburg, was said to 
have tevelore? a method of working up low-temperature tars produced from 
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Distillation 


35 kg. pitch 65 kg. tar oil 


Caustic soda extraction 


45 kg. Diesel oil 


Treatment with methyl alcohol 


20 kg. phenol 


20 kg. Diesel oil 25 kg. Diesel oil 


With high With low 
ignition quality ignition quality 


Figure 27. =- Flow sheet for working up low-temperature, 
bituminous-coal-tar by the Byk-Gulden 
Werke, Chemische Fabrik A. G. distillation 


process. 


Google 


100 kg. tar 


Caustic soda extraction 


66 kg. 
neutral oil 


Distillation 


52.1 kg. 
Diesel oil 


Treatment with methyl alcohol 


23.5 kg. 28.6 kg. 
Diesel oil Diesel oil 
With high With low 
ignition quality ignition quality 


25.7 kg. total pitch 


Figure 28. - Flow sheet for working up low temperature, 
bituminous-coal-tar by the Byk-Guiden 
Werke, Chemische Fabrik A. G., washing 
process. 
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caking bituminous coal by the Brennstofi Technik process, frames 658-661; 
48i-4.85; 502-504. Two-alternate methods of operation are illustrated by 
the flow. diagrams in figures 27 and 2& (frames 503 and 504)... In one proc- 
ess (fig. 27) the tar is distilled to obtain pitch and oil. The oil is 
extracted with caustic soda to retsove phenols and to obtain Diesel oil, 
which » by, means of methyl alconol, is. separated into two grades of” Diesel 
oil of ‘atffererit ignition quality. In the other process (fig. 28) the ‘ar - 
is first mixed with light of from the. low-temperature carbonization: process. 
The mixture of light oil and tar is then washed with caus8tic soda ta extract 
phenols and-obtain pitch and neutral oil. The neutral oil is then distilled, 
yielding pitch;~which. is combined with: that from the caustic-soda extraction, 
and Diesel oil, which is. separated by methyl aLoohol as before into two 
grades of Diesel oil. Fie Si ae ee 
- Experiments were conducted with these processes in a pilot plant at 
Oranienburg,-near Berlin, from-1942. to 1944, and plans were formulated for 
the construction of large plants in the Saar and in Upper Silesia. However, 
construction of the large plants had not ‘started, and the. a rapa Plant 
had been destroyed by air raids when the war ended. 


Y Se a 
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. The production of’ gas from brown-coal tar was carricd’ out:in 26 plante 
built by Julius Pintsch Kanmanditgescllschaft, Berlin, The: gas: produced. in 
these plants was used by the German chaeschagsee! lebe the illumination of. passen- 


A typical wane of ‘tho ‘Pintsch ene was visited. at. Rummelsburg near 
3 Berlin. It had threc gas-making machines. Each consisted of a prehcatcer, 
two checker-filled G-nerators, and tar-collecting cquipment,. The brown-coal 
tar passed first through the heat cxchanger ,» whore it was preheatcd by gases 
leaving the generators. A portion of the preheated tear then was burned in 
one of the generators to heat that gonerator to gasifying temperature while 
the ranaindcr of the tar was. being gasified in the other generator. At regu- 
lar intervals the’ operations of the two generators were oh plete The -gon- 
erators opcrated at approximately 800°--850° Gs (d, 472° “1 562°. F. a and. ee mm. 
a9. 7 inches) water pressure. . - ; , : 
‘The gasification of 1 metric ton of tar obcinieds a 200 onl omnia 
(ua pounds) of tar to heat the gencrators. It produced 250 to 500 cubic 
meters (8,830 to 17,660 cubic feet) of gas having’ ea heating value of 9,000 
kg.-calories per cubic meter (1,010 B.t.u. per cubic foot), ‘and 30, »cilograms 
(66 pounds): of light hydrocarbon oil. ‘The latter was shipped to Rutgerswerke 
A.G. for rcfining. The gas was compressed to 15 atmospheres! (220 pounds per 
Square inch) for distribution ee pipe lines to various pope of use or 
redis tribution ‘ 


The annual eres of Pinta gas from brown-coal tar in Sedeny was 
about seven to ten million cubic meters (24/7 to 353 million cubic feet). An 
additional one to two million cubic meters (35.3 to 70.6 million cubic feet) 
was produced in the same manner from petroleum oils. 
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Yields of Products by Different Operating Procedures 


_ The different yields of products that were obtainable fran a single tar 
by working up the tar in different ways are shown in table 4, which was pre- 
pared from data published by Lurgi (frame 539). A brown-coal tar fran the 
Lurgi-Spulgas process was subjected to (1) distillation with paraffin re- 
covery, (2) pressure distillation, (3) cracking, and (4) hydrogenation. 


TABLE 3. - Products fron Lurgi-Spulgas brown-coal tar — 
en _ processed by different methods | 


Distillation | 
and paraffin | 
recovery, Pressure Hydrogenation, 
percent distillation, | Cracking, percent 
Products B percent . percent {| A | 8B 
Motor spirit .... é 10 33739 30 ‘2 
Diesel O11] .eeeee | 21 35 45-50 20-22 39 
Fuel O11 ccccncee 43 29 : — 210 = gee 
Lubricating oil.. - ~ ~ -~ 17.5 
Paraffin wccocece 9 9 | = = ‘13.5 
Pitch escereevveces 2 2 | 15-20 30 i 
Electrode carbon. 9 9 - - - 
Gas 1088S .eccocee 10 ' 10 1 1 10 


Characteristics of German Low-Temperature Tars 


Little information was obtained during the course of this investigation 
concerning the characteristics of German low-tomperature tars that was not 
already contained in publications issued before World War II. 


Apparently little investigational work dealing with the chemical cam- 
stituents of low-temperature tar was carried out after 1939. In that ycar, 
Dr. O. Kruber of Gesollschaft fur Tcervorwertung m.b.H., published an arti- 
cle entiticd "Beitrage zur Kenntnis des Steinkohlenschweltecrols" in Oel und 
Kohle vereinight mit Petroleum, volume 45, page 770 (frames 663-667). 


. For purposes of comparison, some analytical data for several Gcrman lov- 
temperature tars are presented in table 4. The data were taken from docu- 
ments collected in the course of the investigation. 


Dephenolization of Low-Temperature Carbonization Waste Waters 


An important aspect of low-temporature carbonization in Germany was the 
considerable cffort given to rcmoving phenols from waste waters. Profitable 
recovery of these phenols was generally Sy eae to kecping’ them fran | 
polluting rivers and streams. 
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The devhenolization of waste waters from low-temperature carbonization 
Plants is a somewhat more difficult propdlem than that encountered at high- 
temperature plants. In addition to the phenol, cresols, and xylenols oc- 
curring in high-temperature carbonization waste waters, the low-temperature 
plant waters also’ have higher-boiling alkylated phenols, dihydroxy benzenes, 
and fatty and humic acids. . Of the several dephenolizing processes used in 
Germany, not one seems to have sufficient flexibility to cover high- and 
low-temperature cartonization and hydrogenation-plant waste waters. The 
various processes employed will be reviewed briefly from the standpoint of 
thvir application to low-temperature carbonization waters. 


Denhenolization by Destruction of Phenols: Frame 994. 


(a) Evaporation and then burning of the residuc. Corrosion was a 
particularly bad problem in this process. Im one installation, ull waste 
water was evaporated diroctly into the air by gas-heuted furnaces. Thereby, 
most of the phenols were burned before leaving the 250-foot high stack of 
the furnace. 


* 


(>) Quenching of coke with the waste waters. This method merely re- 
sulted in polluting the atmosphere. Coke of inferior quality was obtained. 


(c) The waste water was used at coal-flotation plants in Lower Silesie, 
where its frothing churacteristics appeared useful. 


(d) Acration and bacteriological oxidation, with phosphates to pranote 
bacterial growth, wes practiced by Enschergenossenschaft and others. This 
process was generally not a primary step but was used to clean a vores 
already partially dephoenolized. 


Dephenolization by the Benzene Process: Fremes 928-983; 995; 1016-1018. 


The original process consisted of wushing the waste waters with benzene 
and recovering the benzene for recycling by distillation. A very large vol- 
ume of benzene was required for substantial phenol romovel.- Recovery of this 
volume of benzene by distillation was costly. Emschergenossenschaft, which 
originally used the process, changed to the Pott-Hilgenstock variation (fig. 
29, frame $95), wherein the benzonc washings wore continuously extracted 
with caustic soda solution. Phenols were separetsd as phenolates, and the 
benzene was recycled. This proccss was used in the Ruhr coking plants, 
wherc phonolates wero centrally treated for phenol recovery. Ita applica- 
tion to low-temperature carbonization-plant waters was limited. Benzene 
was not a natural byproduct of such plants and therefore had to be shipped 
in. Any losses due to the high solubility of benzene in the waste water had 
to be strictly watched. This necessitated high-steam stripping costs for 
benzene recovery from the extracted water. A further variation of this ex- 
traction process involved the use of dephunolized middle oil from low-tem- 
perature carbonization plants in place of benzene. The water solubility of 
this oil was less than that of benzene. Howevor, frequent difficulties were 
encountered owing to stubborn emulsions. Again, as with the Pott-Hilgenstock 
benzcne proccss, phenoletes were formod from low-temperature carbonization 
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liquors which covld not be campletely sprung with CO2. To recover more di- 
hydroxy benzenes and the higher alkylated phenols, sulfuric acid ‘treatment | 
was poceser ys This resulted in the subsequent destruction of soda. 


Dephenolization by the Steen Stripping Process: Frames 980; 981; 996; 1007- 
1009; 1012. 


In this process, figure 30 (frame 1012, Abb. 8), which was developed 

by Koppers in 1925-28, no solvent is necessary. Volatile phenols are stripped 
with steam and the phenols are removed-.fran the steam by hot caustic soda. 
This process was used before the last war for removing phenols from ammoniacal 
liquors at same of the German high-temperature carbonization piants. During 
the war it was adapted as well to the recovery of phenols from low; tempera- 


ture carbonization waste water. Plants were installed at Most (Brux), Bohlen, 
and eee | , 


At theses plants the water was first mildly blown with steam to romove 
COs, HOS, and some NHz. Sane phenol also escaped. The water was then 
countercurrcnily stripped with steam, and the phenols were caught in hot 
caustic-sode solution. A. ter the caustic became about half-saturated with 
phenols, its residual alkalinity was used up ‘by extracting phenol-bearing 
oils from the low-tomperature carbonization plant. The phenolate, as in 
the benzol mcthod, was processed by COe springing. 


Low-tumperature plant waters contain some stcam-volatile fatty acids. 
Ammonia must be maintained in the stcaming process in order to decrease the 
volatilization of the fatty acids. 


Tho stcam stripping was found to have a distinct disadvantage when ap- 
plied to low-tcmpcraturc carbonization waste waters. The higher boiling 
phenols, pyrocatechol, ctc., were not removed. Consequently, additional 
treatment was neccssary to makc thc waste water innocuous. © 


Dephenolization by Carbon Adsorption: Fremes 996-997. 


In 1930, Lurgi, at a high-temperature carbonization plant in the Ruhr, 
clarified carbonization waste waters by passing them through coke and then 
through beds of activated carbon (fig. 31, frame 997, Abb. 4). ‘The phenol ~ 
removal was good, down to 0.05 gram per liter. Higher-boiling phenols and 
oils also were removed, When the activated carbon had taken up 6-10 percent 
by weight of phenols, it was washed with benzene. The benzene was removed . 
fran the washings by distillation. By this -process a greater percentage 
of phenols was recovered than by the benzol or steam-stripping methods, and 
no caustic soda was requircd. Stcaming. of the carbon served to reactivate 
it and to complete the benzene recovery. The high-phenol recoveries would 
appear to make the process attractive. However, the plant was shut down 
when phcnol priccs dropped , and no further operations were started, possibly 
for the following reasons: (a) The process was not continuous; (bd) re- 
activation of the carbon was difficult owing ‘to the accumulation of high- 
boiling acidic and tarry constitucnts; and (c) plants had already been 
constructca ror working up ere oa the Pott-Hilgens tock ee 
ping and othor processes. : 
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Dephenolization by thé Trioresylphosphate Process: Frames 992; 997; 1006- 


; 1007. 

I. G, Farbenindustrie A. G. developed a solvent-washing process which 
appeared to have promise for removing pheriols from hydrogenation and low- 
temperature carbonization plant waters (fig. 32, frame 992). The solvent 
is tricresylphosphate, “Triphos.“ It hus a very high boiling point and a 
high adsorption coefficient for phenols. Phenolic waters extracted with 15- 
20 percent tricresylphosphate will have a residual phenol content of about 
0. 1 gram per liter. | 


Phenols are recovered from the solvent extract by vacuum distillation. 
Tricresylphosphate remains as a distillation residue ready for recycling. 
Cleaning up of the tricresylphosphate with fuming sulfuric acid and lime is 
necessary when accumulations of tarry and high-boiling mattrials occur. 


Several plants were erected, but many disadvantages became apparent, 
especially in dephconolizing low-temperature carbonization-waste waters. High- 
boiling. phenols were very difficult to remove by distillation. These accum- 
lated in the tricresylphosphate and decreased its dephenolization efficiency. 
Moreover, this accumulation of high boilers, tars, and phenols thickened the 
tricresylphosphate, with subsequent emulsification troubles. Frequent and 
costly sulfuric acid purifications of the solvent were necessary. The proc- 
ess is better suited for hydrogenation and si aa bad cake oe 
waste waters. 


Dephenolization by the Phenosolvan Process: Fromes 998-1004. 


‘As more and larger low-temperature coal-cearbonization plants were built, 
the need ror a good dcphenolizing scheme became more mgs A lerge number 
of solvents wes studied. : 7 


A method developed by Metallgesellschaft A. G, for cleaning up hydro- 
genation waste liquors was found to be applicable to low-temperature carboni- 
zation waters, a8, for example, from the Lurgi-Spulgas DECCORE's 


The method makes use of a special solvent called "wheKowel van.” This 
solvent, although frequently referred to as a mixture , is essentially iso- - 
butyl acetate, It is nontoxic, has a boiling point of 110°-150° Cc. (230°- 
266° F.), and a specific gravity of 0.88. Claims are made that no emulsifi- 
cation difficulties are encountered in the use of phenosal van and that the 
solvent losses are low, i.e., 0.1 to O. 2 gram per. liter. 


The following extraction efficiencies are given for. ea creapenetats car- 
bonization waste waters. To reduce the ‘phenol | content from 7.0 grams per 
liter to 0.1 gram per liter requires, in volume percent, either 220 of ben- 
zene , 250 of dephenolized low-temperature carbonization ear 5 of tricresyl- 
phosphate, -or 10 of phenolsolvan. . 


In 1940, Lurgi and I. G. Farben industrie A. G. collaborated in the com-_ 
mercial exploitetion of this proccss (fig. 33, frame 1010; and fig. 34, frané 
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I.C. 7490 


998, Abb. 6) The first large plant was put into operation on.hydrogena- 
tion waste waters at PUlitz, near’ Stettin. ‘The process was apparently con- 
sijered successful, as soon thereafter a phcnosolvan plant was set up at 
Blechhammer and another at Most (Brux) for treating low-temperature carponi- 
zation, wat vers and hydrogenation liquors. A fourth was being constructed in 
Saarbruckun at the end of the war. Two other Es eiadeaniig plants were cule 


oe 2 FF + 


Both were for the dephenolization of hydrogenation Liquors. 


The low-tenperature waste waters first had the. tar and oils removed 
mechanically. The water was then treated, ina three-stage countercurrent 
extraction system with tho equivalent of 10 percent. phenosolvan. About 0.7 
percent phenosolvan remained dissolved in the treated water. This was re- 
covercd by Stcam stripping and was reused. The phenosolvan extract was con- 
tinuously distilled, whereby distillea pnenosolvan was recovered for recycl- 
ing. Mixed phenols wore ecoveres as a distillation residue to. pe pap Oe See 


the Louna WOrkSe 

At Blechhammer’ tht rt’ were serioue restrictions on effluent disposal, 
and, although the vhcnosolvan process reduced the tar-acid cont ent of the 
spent liquor to less than 200 milligrams per litcr, further: trcatment was 
neccssery. Ths Liquor wus ‘diluted, heated to 2° C. (77° Fr. ), trcatcd with 
bacteria, and pumped over waste ashes: from the power station. The final 
tareacid content was less than 0. 5 milligram pur liter. | 
and Usé Of Thr’ Acids from’ Gormen Low-Temperature 
ke Eero and, Hy rogenation Lants | 
The erase eine in Germany for working up the tar acids recovered 


from brown=-coal carbonization and hydrogenation plants was at Leuna near 
Merseopurg. ltt was owned and operated by I. G. Farbenindustrie. 


Refining 


The monthly tonnages of crude tar acids received at Leuna from vurious 
sources and the monthly quantities of refined tar acids produced at that 
plant during the period January to May 1944 are given in table 5. 


The extremely civersified and extended operations of the I. G. Farbven- 
industrie Leune plunt are herein considered only from the standpoint of the 
processing and partial utilization of tar acids. Crude and semirefined 
phenols were received et the Leuna South Fhenol Works from the Leuna liquid- 
phase hydrogenation-plent middle oil, from low-temperature ceroonization end 
hydrogenation plant waste waters, und from other sources. Ter ucids from the 
waste-water sources had been extracted by the phenosolven, tricresylphospnate , 
ond Koppexs stcum-stripping cephenolization proc.sses at Leune, Most (Brux), 
POlitz, Blechhammer, A. S. W., Brabag, and clsewhere. These tar acids were 
all br ought into the Leune South Phenol Plant, where, after some preliminary 
treatment, they were combined and processed together. . 
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TABLE 5. - Ter acid received and produced per month at Leuna plant 
of I. G. Farbenindustrie, January to May, 19bhi/ 
: , Metric tons, 
er month 


sources of crude-tar acid: | 

Oils fran prown-coal hydrogenation at Leuna c.cceccccee | 870 
Phenosolvan extracts fram hydrogenation and low-temper- ; 
ature carbonization waste water: 


Politz COO CCC CEOS H ECO OSES OOO OE EL ENOG: 4ee 


Blechhemner COoeeeoeoresrererecnseseoeeauseoeconeecencs : . 163 
Most (Britx ) COCO CeCe COD Ee EEE OS EEE OSE LEC HE Leeres | ‘1,152 


Production of refined-tar acids: 


59° Cec(LOO.4° TF.) me be PRONOL: es.cden ees senses eases 15 
4O,2° Cy (LOK.4° FP.) mop. PHENOL ceeccoececsccsovecercs | 610 
OPtHO: LYACTLON: 66 Sc 6:6:46- 6500 Wi s60i0 o0 heb 8e 0 WES es 0 ee 8's 100 
Ortho cresol (50 percent) eoeeeeevecccenrercecooseesesesers ' 90 
Cresol DAB, (at least 38 percent m-cresOl) sssesereceee 360 
Cresol DABS (at least 50 percent m-cresol) os ee cccceene | LO 
Xylenol TERE CRE CET OL eT eee eeT UL ee eC Pe Te ere 230 
Xylenol N ssa GGrSisie oie sO S wre etoeer eee oes sate eee ke aiew awa alee. TO 
Crude: Disrocatechol 1 iw ssc svc 66.26wdew ee ve wede ee wens 2) 
Crude pyrocatechol It TEererrrerereeee renee ree te ee ee ee oe 430 
Crude pyrocatechol III occ c ccc cc revere eeveeserescccces | 2 


Crude pyrocatechol ere ey eee ae eee ee eee ee 70 
Residues eee eee eee eee eee rrr ere rere rere rrr rr er ee 10 
| 2 f 2 


1/ Crude-tar acids fran A. S. W., Brabag, and elsewhere were also proc- 
essed at times in the Leuwna plant. 


Processcs and products that will be covered briefly in this section are 
(1) tar-acid extraction and processing at the Leuna coal-hydrogenation plant, 
(2) pretreatment of the separately derived curude-tar ucids, (3) fractional 
distillation of refined tar acids, (4) sulfuric-acid refining of crude cre- 
sol, (5) production of pyrocatechol, (6) hydrogenation of phenol to cyclo- 
hoxanol, (7) production of cyclohexanone, (8) manufacture of cyclohexanone 
oximo and caprolactam, (9) manufacture of adipic acid, and (10) manufacture 
of Igamids. 


Numerous references are given in the text to plant and equipment lay- 
outs and descriptive literature. These references are indicated by frame 
numbers, which refer to FIAT Microfilm Reel C-98 or TOM Microfilm Reel 152 
(PB L 13,093). 


Tar-Acid Extraction and Processing at the Leuna Coal-Hydrogenation Plant: 
Framcs 078-6 


The tar-acid procusses employed in this plent were (a) extraction of 
tar-aciad oil and purification of the resulting phenolate, (b) transfer to 
the COo and caustic plunt for springing of tar acids, and (c) final springiné 
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~ Flow sheet for springing and causticizing plant at Leuna, |. G. Farbenindustrie, Merseburg. 


Figure 36. 


=I.Cc. ‘TH90 
t 
and primary distillation of: the tar acids after their return from the CO 
plant. The distilled tar acids were sent to the Leuna South Phenol Plant 
for further refining. 


(a) Extraction and Phenolate Purification: 


Distillate middle oil ia coal- hydrogenation plant, sepeaiina 
about 15 percent tar acids, was extracted in a six-stage, continuous, tar- 
acid-extraction system. The arrangement of the equipment is shown in fig- 
ure 35 (frame 682), Mixing was done in chambers equipped with orifice and > 
baffle plates. Aftor leaving the chambers, the mixtures were continuously - 
separated in 14,600-gallon (56-cubic meter) tanks partitionod into 12,950- 
gallon (4g -cubte. meter) and 1,850-gallon (7-cubic metor) sections, except 
for the first-stage 13, 200-gallon (50-cubic meter) tank, which was partitioned. 
into 10,560-gallon (hO-cubic. moter) and 2,640-zallon (10- cubic meter) sec- 
tions. O11 overflowcd from tho larger section into the smallcr onc, from 
which it was taken to the next stage. The washings left the bottom of the 
larger section. Each stage had its mixing chambcr and partitioned decanting 
tank. 


Tho oil was treatcd at 40° C. (104° F.) in the first-stage washer with 
weakly alkaline phcnol-wash water from the. firth-stage washcr. Next, thc 
oil cntcred thc second-stage washer with phenolate from the third stage. The 
oil was further extracted with phenolate in the third-stage washer and with 
10° percent caustic soda in the fourth stage. A final clean-up of the oil 
was made in the fifth and sixth stages with phenol waste water. 


The saturated phenolate from the second- -stage washer was preheated to 
100° C, (212° F.) and then steam-stripped of its oil in a tower. This tower 
was 43 feet high, had a diameter of 6.5 feet, and was filled with Raschig 
rings. Crude shenolate entered at the top of the tower and steam at the 
bottom. The oil-rree phenolatc leaving the bottom of the stripping tower 
contained 17 to 20 percent of tar acids. The oil and steam coming from the 
top of the colum were condensed, the decanted oil going to econonohizee> 
oil storage and the water to phonol-waste water. 


(b) Springing and Causticizing: 


Purificd phenolate was pumped to the carbonation and caunticizing 
plant, where tar acids were libcrated by COo and the soda was recausticized. 
This plant was not a part of the hydrogenation works. <A flow shect of the 
plant ia shown in figure 36 Sie 68h), = 


(c) Final Springing and Primary Distillation of Tar Acids: 


Crudo tar acids fromthe preceding carbonation wore returned to the 
hy drogenation-plant phenol.’works. These acids contained 11 to 12 grams of 
aoda por litcr. Tho high-alkali content was objectionable from tho distilla- 
tion standpoint, ag it causcd plugging of the prcheaters and polymorization 
of the distillation rosiduc. consequently: ‘additional . springing. and soda 
removal were necessary; .. . | . be kate 
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The crude-tar acids were received at about 50° C. (122° F.) and were 
stored in a 9,000 gallon tank. Some carbonate settled out and was occasion- 
ally drawn off. Processing was continuous from this stage on through the | 
distillation. Figure 37 (frame 683) shaws a detailed flow diagram of the 
plant. = : 


The tar acids were pumped into the top of. a gassing tower consisting of 
six sections filled with Raschig rings.. Before going into the tower, the tar 
acids were mixed with an equal quantity of 15 percent aqueous sodium sulfate 
solution. This admixture was claimed to be necessary to prevent crusts of 
solid sodium bicarbonate from plugging the gassing tower. The mixture, pre- 
heated to 75° C. (167° F.), entered the top of the tower and was contacted by 
a countercurrent stream:of COD entering at the bottom. The gassed mixture 
was pumped from a constant level in the bottom section of the tower. It went 
to a partitioned separation tank of 6,600 gallons capacity, from which the 
purified tar acids overflowed into a 13,200-gallon receiver. Settled bicar- 
bonatc-sodium sulfato solution from the partitioned separator was converted 
to sodium sulfate with 68 percent sulfuric acid. Acidification of the bicar- 
bonate was controlled so as not to liborate the fatty acids from their sodium 
salts. Corrosion by fatty acids was thus avoided. _ 


The cloaned-up tar acids, containing about 15 percent water, were pre- 
heated to 120°-125° Cc. (2480-2579 F.) and drawn into a suction tank, where 
water and some forerunnings were flashed oif, leaving tar acids with only about 
3 percent water. The partly dricd acids thon cntered the distillation system. 
In this thore wero threc idontical columns cach consisting of four sections 
packed with Raschig rings, equipped with high-pressure stoam coils at the bot- 
tom, and oporating undcr a vacuum of 40-60 mm. (1.6-2.4 inchcs) Hg absolute. 
Tar acids from tho suction tank wcro pumped through a prehcater heated to about 
120° c. (248° F.) and entered the top of the bottom scction of the first colum. 
Wator and some phenols were flashed off the top of the colum, and the residue 
at the bottom at 115°-125° C. (2399-2570 F.) was pumped through a preheater 
heated to about 160° C, (320° F.) and into the second colum. Here, a crude, — 
high-phenol fraction was obtained overhead, and the residue, at about 160° C. 
(320° F,), was pumped into the third colum ,» where a second tar-acid distil- 
late was produced. The residue in the third colum was held at about 160°-170°C. 
(320° - 338° F.). %It was used in the hydrogenation plant or shipped out of the 
plant. Distillates from this plant were further processed and blended in the 
Leuna South Phenol Plant. ; 


The average throughput of the plant was 2.5 to 2.7 metric tons per hour 
of crude wet-tar acids. : 


Average composition of tar acids in the distillation sy stem during Octo- 
eS November, and December 1943: 


No. 2 colum No. 5-colum 
distillate, distillate, 
| Charge, percent percent percent 
Oct. 'Nov. {dec [Ot |Nov. {Dec Oct. Nov. (Pees 
Phenols sssccccsscccecvevese | 3065/3008 | 26.2148,3) 46.2) 35.0) 23.2/19.1j11.1 
COFGGOLE 4:itdeneseuw susemesee- | 30. 8! 39. 2 |138.3|/38.5: 42.0] 4h. 0} 48.5149.0}39.2 
Xylenols cccececsscccescoees! 667! 9.8 115.8] 4.0} 4,2112.5/15.6/23. 3.5 [26. .0 
Boiling higher than xylenols | 20.0.14.2 !19.7| 9.2! 7.6! 8.5|12. 4 123.7 
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T.C. 7490 
Pretreatment of Tar Acids 
(a) Phenosolvan extracts: Frames 685; 690.. 


The pheno solver extracts from Most (Brux), Polite, ane Blechhamer had 
the following approximate compositions: 


' Percent 


| Most (Brux) |. Politz | Blechhammer 
~ Hed eoeresesssevesevecssceseescsesece 0.5 0.5 0.5 
PhenOl..asecacwiretie cmmeucinee aoe eees 18. |. 4O- |. 20 
CYOGOLG? 5.605954 64446545005 E5604 S RGSS | 13 20 | 20 
AVLleENOLS eocsevcvesvecccvcesvecvsses y) 5 | 5 
Pyrocatechol and homologues ...cees LO - | ‘ 


Higher boilers and residue ..wcccece 


These extracts, as received at the tar-acid plant, could not be directly 
fractionated because of the very high percentage of high-boiling compounds. 
The heavy build-up of residue in the stills slowed down and at times even 
stopped the distillation, although only a small part of the available light 
phenols had been recovered. <A preliminary clean-up distillation at only l 
to 1 reflux ratio, or less, was necessary in order to separate the bulk of 
the phenol, cresols, and xylenols. These were recovered as a rcfined tar- 
acid mixture and were later fractionated: to: yield the finished products. In 
the case of the Most (Brix) phonosolvan extract, the low-reflux preliminary 
distillation was carried beyond the xylenol rangc. After the xylenols had 
been removed, distillation was continued with no reflux to yicld crude pyro- 
catechol. The latter was thon processed scparately. 


(bd) A.S.W. and Brabag Crudc Tar Acids: Framosg 690- ray 


These crude acids originated from COs acidification of phenolatcs derived 
from Koppers steam-stripping dcphenolization plents. They contained watur 
and 2 to 5 percent of soda.’ Réomoval of the soda was ncccssary in orécr to 
prevent polymerization and coking in the stills and hoatcrs. Thcse crudo 
acids, along with somc othcrs, worc treatcd with sulfuric acid before dis- 
tillation. A refining still, to bo dcscribcd later undcr "Fractional Dis- 
tillation of Rofincd Tar Acids," Wag used for this purpose. 


Forty metric tons of crude wot acids woro euawedd to ono of the ref ining 
stills, togcther with about 1,000 gallons of watur, and mixcd by recirculation 
with 75 or 96 porccnt sulfuric acid. Acidification was considered complotc 
at Congo Red cndpoint. The recirculating pump was stopped, and, after gravity 
separation, about 2,600 gallons of sodium sulfate solution was drawn off. ‘The 
acidified tar acids: remaining in the still were again recirculated .and neu- 
tralized with just enough caustic soda to combine with the free fatty acids. 
Presence of the latter during distillation would cause severe corrosion. The 
yield of acidified acids was about'8,700 gallons with an ash content of ap- 
proximately 0.5 percent. The treating time was about 12 hours, and approxi- 
mately 2,000 metric tons per month of crude wet acids could be processed in 
one still. 
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As a final step in this pretreatment of crude tar acids, the acidified , 
acids were given a rough distillation through one of the bell-and-tray colums 
used for refining purposes. .A charge of 50 metric tons yielded 33- 40 metric 
tons of distilled tar acids, 2,100-2,600 gallons of water and forerunnings, 
and 4-10 metric tons of. residue. “The distillation time was 12 hours, and 
capacity per unit was approximately 2,000 metric tons a month of acidified 
tar acids. A small amount of reflux was used during dehydration but was 
stopped altogether when dry tar acids appeared. The end point of the dis-" ~ 
tillation was determined by the viscosity of the residue at 50° C . (122° F. ). 


oe @» © +e we 


(c) Be Distillation of Other Crude Tar Acids: ’ Frames 681- 688; 
eee ee _ 693. 


Crude tar acids from the Leuna coal-hydrogenation plant and other sources, 
which did not have an excessive content of ash and high boiling portions, were 
predistilled without fractionation from a still having no colum, Figure 38 
cone 693) shows the arrangement of two such stills. 


The average comosieicn of the still charge was as follows: 


Percent 
Carbon residuc cececodevvcce 0.5 
WAUCCY 6s $5 6.6 66505.0: 069 Sees 15 
PHENOL seine seieeeeGeieseacese- 2D 
CVOGO LE: 54 4 o-4 Se ern. w eee o ewelet 45 
Xylenols a a a ee eo i oe oe 2 10 
High boilers and rcsiduc ... 14.5 


The following matcrials were obtained: 
Percecnt 


Water and forcrunnings ....+. 15 
Distilled tar acids ..ee.se. .67 
Residue (alkyl phcnols con- 
taining about 3 percent 
carbon rosidue) fe hige sewage. LO: 


The still of approximatcly 9; 500-gallon eee had no ‘eon It Was 
lined with acid-resisting mterial. A layor of Raschig rings at the top of 
- the still prevented liquid spray carry-over to the condonser.:. Vacuum, down 
to 5 mm. (0.2 inch) Hg absolute, was applicd. from a fivo-stage steam-cjector. 
assombly. Tho hcating was provided by high-pressure steam in a vertical, 10- 
metcr (32.8-foot), long-tubo cvaporator extcnding: into the bottom of the ._ 
still. An Eckardt motcr measured the tar-acid charge to the still. This 
meter did not prove satisfactory for measuring residucs after distillation. 
A reflux sct-up was installed for better Bonerourem of wator- tar. acie forc- 
eae but did not prove succcsarul.. . AE, 


| Fivo thousand two hundrddvand olehity eations (ex-e0 m?) of. the crudo. 
tar acids were charged from storago into the still. Vacuum was appliod, and 


2749 a HG 


Google 


7; 
= a 
Lid 
— 
55 
= wi 
o 
“9 
< 
- 
LL 
ols 
{— 


9/bo006-pd#asn ssadde/buo0* snu TyeUu'MMM//:d11y / paeZTITHTp-3)6o005 ‘utTewog 2T1gGNd 
C6LEVIOEOSEPZE 'NSO//Z7OZ/JaU a pueYy"}py//:sdiiy / IWO OS:6T 6T-60-7ZOZ UO pajessduay 


I.C.: 7490. 


As a final step in this pretreatment of crude tar acids, the acidified . 
acids were given a rough distillation through one of the bell-and-tray colums 
used for refining purposes. .A charge of 50 metric tons yielded 33-40 metric 
tons of distilled tar acids, 2,100-2,600 gallons of water and forerunnings, 
and 4-10 metric. tions of. residue. “The distillation time was 12 hours, and 
capacity per unit was approximately 2,000 metric tons a month of acidified 
tar acids. A small amount of reflux was used during dehydration but was 
stopped altogether when dry tar acids appeared. The end point of the dis- — 
tillation was determined by the viscosity of the residue at 50° C » (122° F. ). 


ee ee ee Se Sry 


(c) pie Distillation of Other Crude Tar Acids:. Frames. B. -688; 
a eeetchet, 93. 


Suds: tar acids from the Leuna coal-hydrogenation plant ‘and other sources, 
which did not have an excessive content of ash and high boiling portions, were 
predistilled without fractionation from a still having no colum. Figure 38 
a 693) sh shows the arrangement of two such stills. | 


The average seamneettion of the still charge was as follows: 


: Percent 
Carbon residuc ceseendeccese 0.5 
Water COCO CHOCO COOH SOS ERO OOS 15 
PHCNOL. @isicsievessasareetess “eo 
CPOBOLD. w0iwewee U4 0 ewe we 55 
AV LONOLG » 606d wo 6.4.0 we ewweee's 10 
High boilers and rcsidue ... 14.5 | 


The following materials were obtained: 


Porccnt 
(about) 
Water and forcrunnings ..... 15 | 
Distilled tar acids ..cec.co.. (67 
Residue (alkyl phenols con- 
taining about 3 perccnt . 
carbon roaidue) eT re ee 18. 


The still of approximatcly 9; 500-gallon ae haa no “ee Manic “It was 
lined with acid-resisting material. A laycr of Raschig rings at the top of 
- the still prevented liquid spray carry-over to the condenser.:. Vacuum, down 
to 5 m. (0.2 inch) Hg absolute, was. applied from a five-stage steam-ojector. 
assembly. The hcating was provided by high-pressure steam in a vertical, .10- 
metcr (32.8-foot), long-tubo evaporator extending: into the bottom of the 
etill. An Eckardt motcr measured the tar-acid charge to.the still. This - 
meter did not prove satisfactory for measuring residucs after distillation. 
A reflux sct-up was installed for better. Berane ta. of wator- tar. anid forc- 
runnings but did not prove succcssrul.. pss 


; Fivo thousand oS asia arte ES Tlie of. the crude. 
tar acids wore charged from storago into the still. Vacuum was appliod, and 
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steam was turned into the evaporator. The maximum still temperature was 

160° c, (320° F.). Condensed water and forerunnings Flowed through a sight — 
glass. at about 20°-30° C . (68°-86° F.) to decanting tanks. When the liquid 
in the sight glass was no longer milky, the distillete stream was directed 

to distilled tar acids stcrage. At the end of the run, the vacuum was killed 
by bleeding in nitrogen gas, the residue was pumped to storage or tank car, 
and anotier run was started at once. The still residue was composed primar- 
ily of alkylated phenols. It was said to be used for production of a wood 
preservative known at "Basileum." 


A safety trap filled with xylenol was connected directly to the still 
to prevent accidental pressure build-up due to freezing of phenol in the con- 
denser and coolers, even though these later were thermostatically controlled 
at Breeenornmenes safe levels. 


_A 20-metric ton charge could be distilled in about 12 hours, or equiva- 
lent, to approximately 1,000 metric tons per month. ; 


Fractional Distillation of Refined Tar Acids: Frames 688-690; 695; 696. 


Refined tar acids preparcd from various composite mixtures of the cfcre- 
mentioned acid-treating and distillation procosses were further resolvcd by 
fractional distillation through any one of four 48-bell-and-tray columns. 
The following finished and semirefined products were obtained: (a) Hee gig 
nings and water, (b) crude 38° Cc. (100.4° F.) mp. phenol, (c) pure 40.2° C. 
(104.4° F.) mp. phenol, (a) phenol intermediate, (e) ortho fraction (40 to 
50 percent ortho cresol and 25 percent phenol), (f) cresol DAB, (at least 38 
percent meta cresol), (g) xylenol fraction (mixture | of xylenol homologues), 
and (h) distillation residue. 


The fractions were collected separately and where necessary were again 
refractionated to specification. oe example, 38° C. (100.4° F.) mp. phenol 
was distilled to obtain more #0.2° Cc. (104,49 F.) mp. phenol, 


There were four distillation units, and a fifth was under constructicn. 
Figure 39 (frame 695) shows one of the distilling units. 


The still (each colum had one) had a capacity of about 13,200 gallons. 
It was made of wrought iron but had an acid-vroof Lining. A chrome-steel pipe 
extended from the bottom of the still to a cast-chromo recirculating pump, 
which fed the tar acid to a vertical- tube evaporator through | @ chrome--stcel 
line. The ovaporator tubes were made of. V2A steel and had a heating surface 
of 100 m (1,076 square fcet). The composition of VoA stecl is Fe, 72.0; 
Cr, 20.33 NL, 7.123; Mn, 0.23; Cu, 0.05; C, 0.25; Si, 0.23;.S, 0.02; and P, 
0.01 percent. Hoat was furnished to tho sabe ncest.by high- ~prossure (16 ate 
mospheres, or 235 pounds por square inch) steam. Thc hoatcd liquid and vapors 
entered the colum from the sids at a point just above the bottom. . Condun- 
satc and nonvolatiles drained from the bottom of thc colum into tho still, 
whore they wore continuously picked up and again. recirculated through the 
heator. | 
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Vacuum to the- distillation system was applied through a piston vacuum 
pump of about 600 cubic meters (21,190 cubic feet) per hour capacity. © The 
working range during distillation was 200 to 50 « ‘mm. (about 7.9 to 1.2 inches) 
of Hg absolute. — 


' The colum was sth elicaaaeees type, 56 feet high, and had an in- 
side diameter of 6.5 feet. The colum had-.48 cast-iron trays. All other 
parts of the columm were of wrought iron. ; 


Fifty-four and seven-tenths metric tons of refined tar acids were charged 
to the still from a 528,000-gallon storage tank, After charging, vacuum was 
applied, the recirculating: pump was started, and heat was supplied to the 
evaporator. During distillation, the still temperature ranged from 30° to 
190° ¢ (860-370 F.). The exit vapors from the top of the colum averaged 
about 120° C. (248° F,). They were condensed to 30° to 90° C. (86° to 194° F,), 
and reflux was pumped back to the OF of the colum at ratios of 2:1 to 9:1 
during distillation. 


To avoid excessive losses in the. steam of the comparatively volatile 
phenol, the steam and vapors leaving the condensor were ‘passed through a 
tower, where they were scrubbed with xylenol, which has a relatively low- 
steam volatility. The product going to receiving pans and storege was fur- 
ther cooled, 20°-50° C. (68°-1229 F.), by a thormostatically controlled water 
cooler. Procaution was taken to prevent any sudden pressure build-up due to 
freezing of phenol while at-the samc time safcguarding the quality of the 
product by not holding it in istorkege at. too neon Mompene unos. 


Tho pressure drop Sion the solu under normal operating condi tions 
wes os high as 240 m. (9.4 inches) of Hg. 


A still charge required about 40 hours running time. At this rate, a 
single coluwm could Eee One sarc oo motric ‘one of refincd tar 
acids in a month, 


As in all of the other tar-acid distillations, the vacuum was released 
at the end of the run by drawing in nitrogen gas. 


Sulfuric Acid-Refining of Crude Cresol: Frames 688; 690. 


Crude crcsol, DAB,, as obtained by the fractional distillation of ter 
acids, was further purified by sulfuric-acid treatment and rodistillation 
to yicld a refincd cresol DAB). -The lattor, containing at loast 38 percent 
m-cresol, was a German pharmacopooia specification. The acid treating and 
distillation took place in the bell-and-tray colwm assembly just described. 
The still was charged, as for a regular distillation run. Two percent by 
volume of concentrated sulfuric acid was charged from storage through the 
recirculating pump. The mixture was recirculated for intimate contact and 
then distilled through the column at 5 mm, (0.2 inch) of Hg vacuum absolute. 
At the end oF the distillation the still residue temperature increased to a 
maximm of 110°-115° C. (2300-2399 F.). 
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The addition of sulfuric acid tied up the tar bases anc had a resinifying 
effect upon the neutral insaturated constituents of the cruce cresols. A hizh 
vacuum had to be maintained threcughout the distillation in order to prevent 
too mich of an increase in the still temperature, with consequent deccmpcsi- 
tion oF the tar-base sulfates. During the distillation, a sml1l amount of 
aqueous forerunnings was obtained. The residue waa about 10 percent of the 
charge. ‘The dry distillate now met German pharmaccpoela specifications for 
refined cresol DAB), which mst contain at least 3& vercent meta cresol. By 
rurther fractionation, cresol DABG& could be produced that contained at least 
50 percent meta crecol. 


Production of Pyrocatechol: Frames 691-692; 697. 


Pyrocatechol was procuced in a plant that hai been converted from pilot- 
plant operation. Figure 1.0 (frame 697) is a flow diagram of this plant. 


As previously described, the ree.due from tho Most (Brix) phenosclvan 
extract distillation was furthur distilled to yiclid a crvdo pyrocatechol 
fraction, This material contained about 50 percent of nyrocatochol and about 
30 percent of pyrocatechol homologues. The crude, which wes storcd in a 
13,200-gallon tank, hed e@ freezing point of 50°-55° C. (1229-1519 F.). 


Two hundred and sixty-four gallons of the meltcé crvde was pumped at 
609-709 Cc. (140°-158° F.) into a kettle containing cok gallons o® trichloro- 
ethylene, The kettle was equipped with an agitator, cold-water jacket, and 
reflux condenser. After colution, the mixture was coolea and stirred until 
the temperature dropped to 20°-%09 C, (68°-86° F.), at which point crystalliza- 
tion was considered complete. 


The crystalline paste was centrifuged, washed with trichloroethylene 
while still spinning, and then dried in a rotating drvm drier by means of 
60°-70° Cc. (10°-156° F.) nitrogen gas. The exit nitrogen gas was passed 
through a dust filter to recover additional solids. Trichlcroethylcne carried 
over with the nitrogen was not recovered. After drying, the pyrocatcchol was 
collected in paper bags. This product, known as technical-srade pyrocatechol, 
contained 95 percent of pyrocatechol plus 5 percent of pyrocatcchol homologues. 
It had a frcezing point of 1029 C. (215.6° F.). | 


The mother liquor from the centrifuging operation was pumped into another 
reaction kettle, which was temporarily sct up as a still. Here trichloro- 
othylene was recovered by distillation. Toward the end of the distillation 
a vacuum of 200 mm. (about 7.9 inches) Hg absolute was applicd in order to 
strip out the last traces of solvent. Yiclds from a 2¢k-gallon batch of 
crude pyrocatechol were about 990 pounds of technical pyrocatochol and about 
1,200 pounds of residuc. This rcsiduc still contained about 20 percent pyro- 
catechol along with 50 porcent of pyrocatechol homclogues and was disposed of 
by burning. Tho working time for a 26h-gallon charge was avout 12 hours. 
Twenty metric tons of technical pyrocatcchol could be produced in a month, 


Extended research on the recovery, purification, and usc of pyrocatechol 
has beon reported by Dr. F. A. Croy - frames 1308-1369, Extensive research 
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work on muconic acid derivatives frem pyrocatechol was reported by Dr. G. 
Spengler - frames 718-738. 


An important consideration in the production of pyrocatechol was the 
potential use of this compound in the leather-tanning industry, particularly 
in Czecho-Slovakta. 


Hydrogenation of Phenol to Cyclohexanol: Frames 698-706. 


The phenol used in the hydrogenation .to cyclohexanol was the 40.2° C. 
(104.49 F.) mp. material obtained from the tar-acid refining stills. It 
contained about 0.1-0.e percent sulfur. On the basis of the phenol used, 
tne conversion to cyclohexanol was about 99 percent. 


The plant had 13 hydrogenation units, of which 7 were ready for operation. 
A single unit, theoretically, could produce about YO metric tone of cyclo- 
hexanol per month, barring equipment failure and necessity for changing cata- 
lyst. Considering repairs and catalyst renewal, 500 metric tons of cyclo- 
hexanol por month production was estimatcd for the plant. 


Essentially the hydrogenation process (fig. 41, frame 706), consisted 
of passing a mixture of phenol and hydrogen over a nickel-aluminum oxide cata- 
lyst at a tomperature of about 150° C. (302° F.) and a pressure of 15-20 at- 
mosphores (220-294 pounds per square inch). An exothermic reaction took place 
with considerable evolution of heat, which had to be adequatcly removed by 
external cooling. Tho reduction producte wero then cooled, and cyclohexanol 
was scparated by distillation from unrvacted phenol (which was returned to 
the system) and from small amounts of byproduct cyclohexanone and water. 


The catalyst chember was a stcel cylinder (26 foct long and 2.6 fect in 
diametcr) containing a nest of 211 tubcs, cach 1.3-inch in diameter, which 
wore fillcd with the catalyst pcllcts. 


Tho catalyst (No. Le 6523) was made at Leune by adding sodium aluminatc 
solution to a solution of nickel nitrate in water. The precipitatcd aluminum 
and nickel hydroxide mixture was washed, filtercd, dricd, pressed into pellets, 
and then reduced with hydrogen. Before reduction, the catalyst contained l 
molo part nickel hydroxide to 1 mole part aluminum hydroxide. The reduced 
mixture contained 30 to 40 percent nickel mctal. 


Highly purificd hydrogon bubbled through a constant level layer of phencl 
(at 130%-145° C. or 206°-293° F,) at the bottom of tho hydrogenation tower and 
became saturatcd with phenol. The vapor mixture thon went through a layer of 
Raschig rings and then through the catalyst chamber, where the hydrogenation 
took place. 


The process was completely continuous and automatic. Under good condi- 
tions, such as a very low-sulfur content in the phenol, the catalyst. lasted 
for about 4 months before renewal was necessary. By this time, tarry and 
high-sulfur-containing matter had accunmlated in the evaporator at the bottom 
of the DI CHOS SUE EEOn tower. The quantity was about 25 gallons and was 
discarded. —— 
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Ortho- and meta-para cresol could be hydrogenated in the same equipment, 
but with somewhat different catalytic efficiencies. 


Production of Cyclohexanone: Frames 707-710. 


Cyclohexanol from the phenol-hydrogenation plant was catalytically de- 
hydrogenated to cyclohexanone. The unit could process about 80 to 100 gal- 
lone of cyclohexanol per hour, or approximately 60,000 to 70,000 gallons per 
month. The conversion to cyclohexanone was about 98 percent. Figure 42 
(frame 710) ic a flow diagram of the plant. | 


The dehydrogenation process consisted of vaporizing cyclohexanol, pre- 
heating to a temperature of about 400° Cc. (752° F.), and passing the vapor 
into the top of a catalytic chamber, This catalytic chamber was a vertical 
tower packed with 37 two-inch tubes containing a zinc-iron catalyst. The | 
catalyst was made at Bitterfeld by adding 8 to 12 percent of iron powder to 
molten zinc, casting the mixture, and then breaking it into lumps. The re- 
action chamber was heated to about 425°-450° C. (797°-842° F.). While. passing 
over the heated catalyst, hydrogen was split off, and cyclohexanone was formed. 
Tne reaction product leaving the bottom of the tower was condensed, the hydro- 
gen was vented, and the crude cyclohexanone was further purified by flashing 
off cyclohexane and water in a packed colum, Cyclohexanol and cyclohexanone 
left the bottom of this colum and were pumped into the middle of a plate 
column, where cyclohexanono was distilled overhead and unreacted cyclohexanol 
came out as &® still residue. “ a = gt 


“The ontire process, including the rofining, was continuous and automatic. 
The evaporator and reactor werc jackctcd and heated by circulating hot air. 


TA charge of about 900 pounds of catalyst lasted for 5 to 7 months and de- 
hydrogcnated about 1,500 metric tons of cyclohexanol before requiring renewal. 


Ofrtho-methylcyclohexanol could be dehydrogenated under the’ same condi - 
tions as cyclohexanol. Meta-para-methylcyclohexanol was dehydrogenated less 
efficiently, and catalyst life was short. | 


| Manufacture of Cyclohexanone Oxime and Caprolactam: Frames 711-713. 


The oxime of cyclohexanone was made by the reaction of hydroxylamine © 
sulfate and cyclohexanone. Figure 43 (frame 713), is a flow diagram of the 
process. i s fe ¥ - 


In the Leuna plant, a solution of hydroxylamine sulfate was made by the 
reaction of ammonium bisulfite, ammonium nitrite, and sulfur dioxide. This 
solution was freed of byproduct ammonium sulfate by precipitating the latter 
with calcium nitrite to form calcium sulfate, which was removed by a rotary 
_ filter. The hydroxylamine sulfate solution, was then cooled to 20° C, (68° F.), 
mixed with slightly less than an equimolar quantity of cyclohexanone, heated 
to about 90° C, (194° F..) to initiate reaction, and then maintained slightly 
below this temperaturé with thorough mixing and cooling. The reaction was 
strongly exothermic. Ammonia was used to neutralize the reaction mixture, 
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which was then separated by decanting. . Ammonium sulfate. solution was drawn 
off as a bottom layer. The oily oxime formed at the top contained about 4 
percent water. ' oo | 


This oxime next underwent a’ rearrangement with fuming sulfuric acid to 
form caprolactam or "luran."” The oxime and fuming sulfuric acid, containing 
25 percent free S03, were ‘metered in a. 1 to 1 ratio by weight and mixed at 
about &5° c. (185° F.) in a reaction vessel provided with strong agitation 
and cooling. This vessel had already ‘been partly charged with the rearranged 
product (caprolactam) as diluent to. reduce the.extremely high exothermic re- 
action between the oxime and fuming sulfuric acid. After the rearrangement, 
the reaction mixture with a sulfuric-acid content of 55 percent was. discharged 
continuously into a noutralization vessel, where it was ncutralized with ll: 
percent ammonia water, care ‘being taken to keep the temperature below 40° C, 
(104° F.), Aftor settling, the oLly ‘lactam, containing about 30 percent oF. 
water, was decantod, vacuum dehydrated, and thon distilled at about 10 m, ~ 
(0.4 inch) Hg vacuum absolute and 120° C. (248° F.). Tho heavier saturated 
ammonium sulfate solution rosulting from. the neutralization was drawn off 
from the bottom of tho neutralization vessol. 


This lactam was the raw material for tho proparation of Igamid B, which 
was mdo at other plants of I. Ge 'Farbenindustric. 


Manufacture of Adipic Acid: Framos 714-717. 


we 


Adipic acid was manufactured by nitric acid oxidation of cyclohcxanol in 
VoA stecl Pot args in accordance with tho procedure illustrated in figure 44 
(frame 716). The composition of VeA stecl was givon on page U7. 


Cyclohoxanol and 62 porcent nitric acid wore addcd simultancously to a 
reaction kettle with cooling and agitation. Tho rcaction tomperaturc was kcpt 
below 65° C. (149° F.). Evolvod nitrogen oxides and carbon dioxide were ab- 
sorbed in lime slurry. The oxidized mixturo was air-blown in towcrs, and the 
oxide-freo liquor was crystallizod at 10°-15° C. (50°-59° F.). Adipic acid 
was gcparatcd by a centrifuge or ceramic filter and washod with mother liquor 
from tho rccrystallization step. Tho washed crystals wore dissolved in dis- 
tilled wator at 85° Cc. (185° F.)}. Purifiod adipic acid was dricd in a hot-air, 
rotary-drum' drier, further dried and cooled with air in a socond drum dricr, 
and then packcd in bags. 


One hundred kilograms (220 pounds) of refined adipic acid required -80 
kilograms (176 pounds) of cyclohexanol, 132 kilograms (291 pounds) of nitric 
acid (calculated as 100 percent), and 15 kilograms (33 pounds) of calcium 
oxide. Before destruction, “the plant hada monthly capacity of 120 metric 
tons of adipic acid. 


| Tho mother liquor from crude adipic acid crystallization was concentrated 
for rouse to 62 percent nitric acid strongth, either with solution of nitrogen 
oxides under prossure or by vacuum evaporation of excess. water. Occasionally 

a part of this liquor was drawn off for recovery of the byproducts - succinic, 
glutaric, and oxalic acids. 
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Figure 45. - Flow sheet for synthesis of Igamids (polymeric amides) 
A, B, and U at Leuna, |. G. Farbenindustrie, Merseburg. 
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Manufacture of Igamids: Frame 717. 


The various processes described in the foregcing pages, starting with the 
hydrogenation of phenol and ending with the manufacture ci adipic acid, were 
all stages in the manufacture of polymeric amides, called Igamids. Their 
relationship to one another and to Igamids B, A, and U are illustrated in 
figure 45 (frame 717). 


Caprolactam, made at Leuna with phenol as the starting material, was 
polymerized to Igamid B at Wolfen, Areta, Lichtenberg, and Lansberg. The 
polymerization was repcerted in C. I. 0. S. file XXVI-53, item 22:(FB 530), 
"Manufacture cr Caprolactam, I. G. Farbenindustric Louna Werke, Merseburg", 
1945, by R. EH. Boundy and R. L. Hasche, to,have been effected by heating the 
caprolactam under pressure in the presence of carbon dioxide. 


Adipic acid, according to tho accompanying flow shoet (fig. 45), was made 
by the oxidation of cyclohexanol. The adipic acid plant at Leuna, having e 
capecity of 120 metric tons per month, was destroyed during the war. A 40- 30 
metric ton per month plant was being conatructed in January 1946, and the con- 
struction of a 550-metric ton per month plant was planncd, 


Tetramcthylene dinitrile and hexamothylcne diamine wore made at Leuna 
curing the war in pilot plants. The capacity of the former was about 30 met- 
ric tons per month. Both of these plants were destroyed. . In Januery 1944, 
new pllot plents of about 10 m:tric tons per month caracity cach were bcing 
constructcd. | | 7 


There was no plant at Lcuna ror making AH-salt, but 2 plant with a capa- 
city of 10-20 motric tons por month was planned. Also, plens had been medo 
fora plant to produce Igamid A at Wolfen *iln, 


; The manufacture of Igamid U by condensing 1:6 hexamethylene diisocyanate 
with tetramethylenediel has teen described in detail in C. I. 0. S. file 
XXII-16, item 22 (PB 185), "I. G. Farbenindustrie A. G. Elberfeld & Leverkusen", 
1945, by Francis J. Curtis. Also, the preparation of hexamethylene diisocyanate 
by phoegene addition to hexamethylene diamine, indicated in figure 44, 1s de- 
cribed in the same report by Curtis. It was stated at Leuna in January 1946 
that a 20-30 metric ton per month a for manw'ac turing Igamid U at 
Leverkeusen was planned. 


Curtis, in the C. I. 0. S. report menticned above, described Igamid U as 
follows: “Igamid U does nct combine with ordinary commercial plasticizers 
but can be ingection and compression molded. The melting point is 184° C 
(353.2° P.), with a short period between melting and low viscosity. Products 
have good mechanical strength and clectrical properties end high resistance 
to solvents and oils. Fibers are produced by-hct melt, spinning, and stretch- 
ing. Bases for leather are made by shecoting.- Used for bristles (Perlon U), 
it has a lower melting point than Nylon, and thercfore is easicr to forn, 
has a better resistance against acids, is harder, has better clectrical prop- 
ertics, and hes a maximm water absorption of 2 percent, comparcd to 8 pcerecnt 
for Nylon. Molocular wcight - 10,000.". 
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The various products shown in figure 44 that entered into the manufac- _ 
ture of tetramethylene diol and tetrahydrofurane » 1.e., acetylene, formalde- 
hyde, and butynediol, were all produced at Schkopau. The production of adipic 
acid at sc a from tetrahydrcfurane wes plannec. © 


As indieaved by figure 44, the principal purpose of the vapieud processes 
mentioned abcve was to manufacture Igamids A, B, and U. “‘Igamics were used in 
Germany for making leather substitutes, glues, injection molded products, 
textile materials, bristles, film, and vericus other commercial materials. 


PART II. - BRIEF REPORTS ON VISITS TO GERMAN ORGANIZATIONS CONCERNED WITH 
THE PRODUCTION, PROCESSING, AND USE OF LOW-TEMPERATURE TAR 


Lurgi - Frankfurt am Moin 


~The Lurgi offices in Frankfurt am Main were visited by the writer on 
September 10 and 11, 1945. Lurgi was occupying the building across the street 
from Lurgihaus, 17- 19 eave Strasse. The Lurgi organization hes three 
divisions: , | 


Lurgi Gesellschaft fur Warmetechnik m.b.H. » deals princinally with matters 
pertaining to fuel end, steam. 


Lurgi Avparatevan Gesellschaft, builds electrical peace plants. 


Lurgi Gesellschatt fur Chomie and Huttenwesen, builds principally sul- 
furic acid plants, metallurgical furnaces, etc. 


On both visits, the director, Dr. Ing. F. A. Octken, was interviewed 
concerning the production, processing, and use of low-temperature tar in Ger- 
many. Extraction of phenols from waste liquors and the extraction of paraf- 
fins from brown coel also wore discussed briefly. <A summary of the conversa- 
tions about these matters follows: 


The Krupp-Lurei proceas is the only one used in Germany for the low-ten- 
pereture carbonization of caking bituminous coal. Plants of this kind are 
situated at Wannc-Eickel and Volscn. Bronnstoff Technik G.m.b.H. at Esson 
had plans for 2 steel furnace installation for this purpose with a capacity 
of 30, 000 metric tons per ycoar, but they were not carriod ovt because of the 
WY . 


The only plants for the low-temperature carbonization of noncaking bitu- 
minous coal are of the Lurgi-Spillgas type. They are at Beuthen, Auschwitz, 
and Blechhammer. Plans were under consideraticn for this purpose by Didier- 
Werke A. G., Berlin, (25,000 metric tons per year), by H. Koppers, Essen 
(ceramic furnaces), and by Dr. C. Otto and Company, Bochum, but plants | were 
not inatalled because of the war. 


For soft brown coal, most of the plants are of the sete splliges 4 type. 
The equipment is virtually the same as that used for noncaking bituminous 
coal, Such plants are situated at Offleben, Nachterstedt, Deuben, Regis, 
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Deutzen, Espenhain, Bohlen, Hirschfelde, and Profen. Except for the plant 
at Offleben (near Helmstedt), all of these plants are in the Russian zone. 
A plant for soft brown coal, of the Borsig-Geissen type; 1s situated at 
Kulkwitz. Older types of equi pment used in other ‘plants are principally 

of the Rolle and olc Geissen types. 


Hard brown coal is carbonized in one Lurgi Selig as plant of 25,000 to 
30,000 metric tons per day capacity at Most (Brux). | : 


The quantities of low-temperature tar produced in these various plants 
and the uses for the tar are summarized in table 1 (see page 12) and in - 
table 6, both of which were prepared for the writer by Dr. Octken. Referring 
to the data given in these tables, Dr. Oetken pcinted out that of the 2.6 
million metric tons of low-temperature tar made in Germany, only about 10 
percent comes from bituminous coal and 90 percent comes from brown coal. 
Concerning the uses of low-tcmpoerature tar, Dr. Oetken stated that 88 per- 
cent of the tar from bituminous coal is hydrogenated. The amount of brown- 
coal tar that is hydrogenated is about 8& percent of the total. The low- 
temperature tar from bituminous coal that is not hydrogenated is processed 
by Gesellschaft fur Teerverwertung. That from soft brown 7oal which is not 
hydrogenated is for tho most part distilled ed Ricbccksche Montanwerke, 
Anhaltische Kchlenwerke, Deutsche Erd61 A, G., and K. V. G. to obtain fuel 
oil, some petrol, some Dicsel oil, paraffin wax, and a certain amount oF 
coke for electrodes. | 


TABLE 6, - Treatment of lo 


crature tar (comparc with tablo 1 
From | [ Tons ver yoar 
group No. Method of use metric 
I weeee | Added to tar fucl oil by Gesellschart fur Toerver-| — 


wertung, Duisburg-Moidcrich ..cccccccccccvecvces 26 , 000 
TL. exw | HYOLORCME UCO' of acdew see wkinedadd subes te iteke oe 205,000 
III ..... |(@) Distillation with recovery of paraffin wax: 
~  Rlebccksche Montanworke, Webau Poererre rrr rr 
Anhaltische Kohlonworke, KOPsCn seesessseoeeee aii 000 


Ke Ve oy COLZAU sevevevrcccrvcccvacccvevoeves 
|b) Distillation with Edceleanu extraction of par- 
effin wax: ; 
Akt, Sachsischo Werke, Espenhain...esseseeseee  2/200,000 
(c) Hydrogenated Ty ee ee 1/800, 000 
Hydrogenated by Sudctcnlandische Treibstoffwerks, 


Most (Brix) Coo ooo vere rererecrrereseseroescoreore . 1,000 O00 * 
| — 3633-500 


| 
y 
| 
: 
: Deoutsche Ei: 651 A. Gey Rositz seereeceeseetente || 
i 
| 
lV @eeee8e ; 


About. 


Onc new development of considerable importance is the extraction of soft 
brown-coal tar by the Edclcanu proccss (using SOa) to obtain paraffin wax, 
then by distillation of the extractcd matcrial to obtain Dicscl o11, fucl oil, 
and coke, for clectric furnacce. The proccss was developed ‘by Akticngoscll- 
schaft Sachsische Wurko, Dresden, and the plant is at, Espenhain. According 
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to Dr. Oetken, the process is very successful, and working costs are mich 
cheaper than those of the older process. 


Lurgi's phenosolvan treatment of waste liquors from low-temperature car- 
bonization plants consists in extracting the phenols with a solvent consist- 
ing principally of lsobutyl acetate, distillation to recover the extracting 
medium, and further treatment of the liquor | to remove traces of phenols. 
Plants of this kind are located at Most (Brux) and Blechhammer. Liquor from 
hard: brown coal contains up to 25 grams of vhenols per liter (about 0.2 pound 
per U. S. gallon), and liquor from soft brown coal somewhat less. 


Lurgi has developed a process for briquetting brown-coal dust under hish 
pressure (2,200-2,500 kg. per sq. cm. or 31,290-35 ,560 lb. per sq. in.). 
Equipment for this purpose is constructed by Krupp-Grusonwerk at Magdeburg. 


Lurgi had the agency for SSderberg electrodes in Germany but is no longer 
active in this connection. 


No work of any consequence has been done by Lurgi on the processing of 
high- or low-temperature tars by chemical or solvent extraction methods. 


The following circulars and Beprants of articles were furnished by Dr. 
Octkens 


- Recent Developments of Low-Temperature Carbonization of Solid Fuels in 
Germany, Dr. F. A.. Octken, May 27, 1936, reprinted from Engineering 
Progress, October 1936. 


a yee OS 


Lured eatienieeees 


Krupp-Lurgi Kammer+Schwelanlagen fiir Steinkohle. 
Gegenwirtiger Stans ‘der Entphenolung von Abwassern aus KohLoverodlung- 
sanlagen. 


Dic Druckvergasung Fester Brennstoffe mit Saucrstoff von Dr.-Ing. 
Friedrich Pemlets: Franksurt, am Main. er 


Edele 2anu Gosellechart m.b.H., Berlin 
On November 4, 19h5, 1 ‘Dr. P. Jodeck of Edcleani Gosellschaft accompanied 
Dr. W. F. Ravecner: (Liquid Fuels Group) and E. 0. Rhodes to his office on 
Martin Luther Strasso (61-66) and tricd to find drawings covering the design 
of the suction filter used at Espenhain for the dewaxing of brown-coal tar 
a Only a fow of the desired drawings were found. 


The filtor mentioned is made by Maschinenfabrik Buckau, formerly R. Wolf 
A. G., Magdeburg-Buckau, and is called the R. Wolf-Bandzcllenfilter. Each 
filtcr unit consists of 40 individual filter cclls or pans, each about 6 feet 
long, 17 inches wide, and 5 inches deep, mounted on an endless-chain conveyor 
and arranged for automatic filling, application of suction, and discharge of 
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the cake with compressed air or inert gas. Each cell has a fabric or paper 
diaphragm as the filter medium, and 17 cells are in use at any one time. 

The linear speed is about 4.9 feet per minute. The filter. is described and 
{illustrated in C. I. 0. S. file XXXI-&5, item 30 (PB 1,850), "Edeleanu G.m.bd.H., 
Altenburg, Germany", 1945, by J. P. Jones; also available’ as a part of TOM 
Microrilm Reel 198. Figure III from the report by Jones is reproduced as 
figure 26 in this report. 


In using the filter, one part of the brown-coal tar distillate is mixed 
with three-fourths part of the dichloroethene. ‘The mixture is cooled to 59 C. 
(41° F.) in a double-pipe chiller and then is filtered by the cells. Vacuum 
is regulated to suit the conditions and tyne of oil to be filtered but is 
within the range 0.3 to 0.5 atmosphere or 4.4 to 7.3 pounds per square inch 
(absolute pressure). When brown-coal tar oils are filtered in thie manner, 
the wax contains a traco to 0.1 percent oil. Wax from mineral oils contains 
3 to k percont ofl. The capacity of the filter at Espenhain is 50 to 70 
metric tons of distillate per day. 


The filtrate from the filter celle is chilled to minus 24° C, (-11.2° F.) 
and filtered again to make low pour-point lubricating oil. : 


The extracting and dcowaxing departments of the Espcenhain plant were not 
seriously damaged and can be operated if raw matcrials arc made available, but 
the tar-distillation plant was rather completcly destroycd. Tho cxpcrimcntal 
extracting and dewaxing plant at Secraies also was badly damaged, according to 
Dr. Jodeck. 


A copy of an article by Prof. ‘Ernet Terres, cntitlicda "Dic cee von 
Schwoltecren aus Braunkohlo und Jischiefer mit sclcuktiven Losungemittcin," 
was presented to the writor by Dr. Jodeck. It dcescribcs the method of rofin- 
ing uscd for brown-coal tar that was devclopcd at Rositz and cmployod at 
Espenhain. A translation of this article is included as Anpendix A in the 
above-mentioned report by J. P. Jones. 


Fried. Krupp Aktiengesellischaft, Essen, and Krupp Treibstoffwerke 


G.m.b.H., Wanne-Bickel 


Introduction 


Two meetings were held with members of the awe organization; the first, 
on September 14, with Dr. F. Muller, director, and Dr. W. Demann, chief chem- 
ist, and the second, on September 20, with Dr. Demann, Dr. Junkermann (Engi- 
neer in charge of development of ia vemne secure carbonization plant at Wenne- 
Eickel); and Mr. Combles, director of the plant at Wanne-EFickel. 


The first meeting was held in Director Muller's office in the main office 
building of Krupp in Essen. The second meeting was held in Director Combles' 
office at Wanne-Eickel. Following the latter meeting, a brief inspection of 
tne Krupp-Lurgi low-temperature carbonization plant was made. 


The principal purpose of each of these visits was to obtain information 
concerning the production and use in Germany of low-temperature tar in gencral 
and low-temperature. tar of the Krupp-Lurgi variety in particular, 
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Production.of Low-Temperature Tar in Germany 

Director Muller confirmed: the- information previously furnished by Dr. 
Oetken of Lurgi. concerning the locations of the low-temperature carboniza- 
tion plants in Germany. The only plants actually operating on. bituminous 
coal during the war were either of the Krupp-Lurgi or the Lurgei- Spulgas type. 
The Krupp-Lurgi plants were situated at Wanne-Eickel: (Krupp: Treibstoffwerk) 
and Velsen (Saargruben A. G.). The original-experimental plant of this type 
was built by Krupp at its Amalie plant near Essen... Another experimental 
plant of the same type was installed by Saargruben A. G. at its Heinitz plant 
near Neunkirchen (Saar)... The Lurgi-Spulgas plants were at Blechhemmer, 
Oswiecim (Auschwitz), and Beuthen. A Bremnstoff Technik-plant (designed by 
Puening): was under construction but was not completed. Also,..a Koppers low- 
temperature or, more correctly, mid-temperature plant was’ under construction 
at the Oheim mine in Upper Silosia but was. not completed. 


The Krupp-Lurgi Process 


Dir. Muller commented on the fact that actual use of the Krupp-Lurgi type 
of plant for several years, first on pilot-plant scale and then on a large 
commercial scale, had thoroughly demonstrated its suitability for the low- 
-tomperature carbonization of caking bituminous coals. He believes that it is 
the most suitable type of equipment yet developed for thie purpose. 


Concerning the products made by the Krupp-Lurgi process, Director Maller 
statcd that the: ccke has been.found to be. especially suitable for making 
water gas for the Fischer-Tropsch process or for tho recovery of hydrogen, 

: because the hydrogen content of the water gas is somewhat higher than that 

of water gas mado from high-temperature coke. Because of the better ratio 

of Ho to CO in the water gas.from Krupp-Lurgi low-temperature coke, the water 
gas requires less catalytic conversion (or, rather, a smaller proportion of 
the gas needs to be converted) to make synthe eis gas for the Fischer-Tropsch 
process. Director. Muller. also said that the Krupp-Lurgi coke does not clinker 
in the water-gas generator, and therefore ash removal is easier, and less un- 
burned carbon remains in the ash. The highest temperature reached in the 
generator when using Krupp-Lurgi coke is 50°-100° C, (122°-212° F.) lower than 
the temperature in the same zone when high-temperature coke is employed. This 
is due te the greater reactivity of the low-temperature coke, This property 
was also mentioned in connection with the suitability of the Krupp-Lurgi coke 
for domestic heating purposes. Its uniform size, freedom from dust, low igni- 
tion temperature, and freedom from smoke also were mony anes: in this sate 
connection, _— | | = | 


Use of ee ‘Tar, Forticularly f r Fuel Purposes 


Most of the low-temperature tar made from bituminous coal during the war 
was hydrogenated or. used by the German Navy for fuel. A small amount was fur- 
nished to Gesellschaft fiir Teerverwertung. In an interview with that company, 
it was learned that the low-temperature tar was mixed with fuel oils derived 
from high- temperature tar. 
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In connection with the use of Krupp-Lurgi low-temperature tars as fuel, 
Dr. Demann said thet some of the edvantages of Krupo-Lurgi tar over other 
low-temperature tars are higher specific gravity (abcve 1.0), which facili- 
tates the separation of water; a lower “stockpunkt,” which indicates greater 
fluidity at low temperature; and scmewnat greater miscivility with cils that 
arg not entirely aromatic. 


The subject of miscibility has received a great deal of attention, ac- 
cording tc Dr. Demann, because cf the need for mixing various fucl oils used 
by the Navy. The studiss showed that all arometic oils may be blenced in 
any proportions, but sludging takes place when arcmatic and pararfinic oile 
arc mixed. It was found that the low-temperature tar could be mixed with 
eromatic fuel oils from the Ficcher-Tropsch synthetic fuel plants or rrom 
the Bergius hydrogenation plants. It also was found thet the addition of 
phenols or phenylhydrazine to the low-temperature tar would prevent sludging 
when mixtures containing paraffinic oils were preparcd. However, to evolid 
ths use of such adcmixturce, attempts wero made to remove the aspheltenos 
from the tar before adding it to the paraffinic oil. . The procedure developed 
for this purpose conaistcd in diluting tho low-tcmperaturo tar with benzene 
in the proportion cf 10 parts benzene to l part tar. The asphaltenes that 
are precipitated by the benzene are separated from the liquid portion of the 
benzene-tar mixture by decantation, and the latter is then extracted with 
dilute caustic soda to remove phencls and distilled with enclosed steam ‘to 
remove the benzene. The extraction with caustic soda and distillation with 
benzene, eccording to Dr. Derarn, mst. ve done ct low temperatures to evoid 
the formation of more asphaltenes. Vecuvm is used during the distillation 
process. The asphalt and tur acid-free oll mace in this manner may be used 
to make additional low-temperature tar usable with paraffinic olls. Separa- 
tion into two layers is not entirely prevented, but Tr. Demann seys that this 
is not objectionable so long as precipitates are nct formed. The yield of 
asphalt-free low-temperature tar oxtract mide in the monnar described above . 
was said to be 60 percent, the baiance being agpnealt and phenols. 


The economic situation with resrect to the disposal cf low-temperature 
tar was discussed at some length. Dr. Demann agreed that althcugh it has 
been profitable to carbonize bituminous coal by low-temperature methods with 
assured outlets and good prices for the coke (to Fischer-Tropsch), tar (to 
hydrogenation or Navy fuel), and light o11 (to motor fuels), it will be neces- 
sary to find new uses at good prices for the tar if low-temperature carboniza- 
tion is to be profitable in Germany in the future. It is recognized that 
products from low-temperature tar are not interchangeable with those from 
high-temperature tar, and special manufacturing procedures or uscs must be 
developed. | 


In his investigations of the milsecibilities of aromatic and paraffinte 
oils, Dr. Demann found that the Hoppler viscosimeter can be used to advantace. 
Mixtures of the two materials under investigation are made in different pre- 
portions, and the viscosity of cach mixture is determined with two balls of 
different size. Mixtures which show no tendency to sludge give the same 
viscosity reading with either ball, but the two detcrminations are dirfercnt 
when there is actual or incipient eludging. By this means, ranges otf 
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miscibility and nonmiscibility may be established for mixtures of aromatic 
and nonaromatic oils. This may be of interest to users of creosote-petroleum 
mixtures in the United States. 


As reforence mterial on thc various subjccts discusscd above, Dr. Demann 
supplied copice of the following papors: 


Wassorgascrzeugurg aus Stcinkohlen-Schwelkoks, Dipl. Ing. Wilke 
"Technische Mittoilungon Krupp," April 1927, pp. 44-49. 


Kohlenschwolung (pp. 177-183 on Stoinkohlcnschweltecr) by Adolf Thau, 
Verleg von Wilhclm Knapp, Halle (Saale), 1939. 


Door Betriebserfahrungen mit der Steinkohlonschwelanlag > Bauart "Krupp- 
Lurgi" auf Schachtanlageo Amalie der Fricd. Krupp Aktiongcsellschaft, 
Bergwerkc, Esscn, von K.. Bruggomann; Technische Mitteilungen Krupp, 


July 1938, pp. 50-58. 


thor die Schwelung dor Stuinrohlo in Vorbinduny mit der Fischer-Tropsch- 
Ruhrchomic-Synthese, F. Mullor, Technische Mittcilungon Krupp, duly 


1938, pp. 47-49. 


Die bishcrigen Arboiton dor Voreinigung fur Se Aveowienacine tune (v.f.S.), 
Dir. H. Wcitenhiller, Gluckaur, No. 3D » 1939. . 


Laboratoriumsapparatur fur Stcinkohlenschwelung nach dom Hoizflachen- 
vorfahren, K. Schccban, Forschungsborichtc, Jan. es pp. 39-44. 


a ea von Heizolen, Dr. W. Demann, Glickeuf, No. Dis a; pp. 
1- 


Die Bestimmng der Pumpfahigkeit von Heizolen, EH. R, Asbach and Je 
Tagethoff, PORScHUne SPentenTe) Feb. 1943, pp. 52-56. 


Viskosimetrisches Verfahren zur: Bestimmng der Mischbarkeit von Kohlen- 
wasserstoffgemischen, insbesondere Care ie Demann and H. R. 
Asbach, Forschungsberichte, Feb. 1943, pp. 42-51. 


Die phy eialiechs Prufung von Schwel-und noehitemmeratarkeke in einer 
5-kg-Trommel, E. Comblés annens Surmund , FOr SCAUDE EUCEACHESS Feb. 1943, 
pp. 38-41, 


Fischer-Tropsch and Krupp-Lurgi Plants 


Following the discussions outlined avove, the cperations of the Fischer- 
Tropsch plant and of the Krupp-Lure¢i plant were discussed briefly with Pr. 
Demann, Dr. Junkermen, and Director Combles. The locaticn of these planta 
at Wanne-EBickel are shown by a “Lageplan," and the mere esser.tial information 
concerning each is given on two flow diagrams dated May 25, 1945, which were 
Supplied by Dr. DTemann. 
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No detailed inspection was made of the Fischer-Tropsch plant. Further- 
more, inspection of the low-temperature plant was superficial because this 
target has been covered by previous investigators. ‘However, a few points of 
special interest were noted. < 


‘Two of six water-gas generators had been operated on low- stemperetns 
coke and the remainder on high-temperature coke. A new method of charging 
the ovens has been developed, which was claimed by Dr. Junkermann to be 
superior to the previous method. Instead of feeding the fine coal into the _ 
ccking chambers in emall amounts, with tamping between increments, the coal ~ 
is dropped by a special mechanism into all of the chambers similtaneously with 
enoueh: norce to obtain greater density than. Oey in the Pint snee Cone: 


The bottom closuxe has been improved. instead of the two hinged doors 
previously used, each chamber is now provided with a grating, which is moved 
into position to close the bottoms of the chambers while a door that covers 
the entire bottom of the oven is lowered by means of a hydraulic cylinder and 
moved from under the oven by the car on which the hydraulic cylinder is mounted. 
The coke is discharged when the grating is moved to the open position. ~ When 
the door is returned to the bottom orf the oven, it 1s made gas tight by a 
watcr seal. 


The metal of which the ovens are constructed throughout is ordinary 
boiler plate steel. Director Comblés referred to.a book that called it “open- 
hearth steel" or "plain carbon steel of the “beruhigter Stahl' (killed-steel) 
type." He said that cheaper steel had failed by blistering and that the use 
of more costly stecl is unwarranted. Ovens built of boiler steel are in good | 
condition after several years of use and are ere to. be EfOt for at least 
10 years. 


The metal ‘conveyor along the bottom of the coke re is of a vibrating 
type, which was said to be superior for the purpose to belt or other types | 
of conveyors. It is callod "Schwingrinne” and is madc by Schenk in Darmstadt. 


In the coke-screening and sizing building a special machino breaks the 
coke slabs into small pioces with vory little formation of finos. Tho slabs 
roll, by gravity, over spikod rollers, betweon which are openings. Picces 
that will not go through tho openings between tho rollers are broken by spiked 
bars attached to wooden planks, which are pullcd upward by friction between 
cams and dropped when tho friction is roleased, Other precautions are taken 
to avoid degradation, such as the use of a conveyor: for loading cars, which 
can be lowered to the bottom of the car to be filled, thus evoiding the drop- 
ping of the coke prom any ene height... 


Except for damage to some pipe connections and to the buildings and one 
or two ovens, the low-temperature plant. appeared to be in fairly good condi- 
tion. It was explained that repairs had been made after the earlier raids, 
and no great amount of damage was suffered from the last raid. On the basis 
of cost, the plant was said to have been damaged to the extent of 33 percent, 
the total cost of the plant having becn 6, 000,000 marks and the total estimated 
cost of the damage 2,000,000 marks. , 
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In the case of the Fischer-Tropsch plant, the total cost of the plant 
was said to have been 40,000,000 marks and the total damage 10 ,000,000 marks. 


It was stated by Director Comble% and Dr. Junkermann that both plants 
could be placed in operation shortly after the first of the year if permission 
is granted to resume operations, pee , = 13% 


Braunschweigi sche Kohlen Bergwerke, Helmstedt, Schwelwerk Offleben 


_Schwelwerk Offleben was visited on November 5 with Major E. E. J. Farmer, 
district representative of the North German Coal Control, and Herr Schmidt, 
of Braunschweigische Kohlen Bergwerke (B. K. B.). Herr Schmidt acts as liaison 
officer between the Military Government and B. K. B. and also as interpreter. 
Ing. Teuscher, assistant yee helped explain ‘the operations: of the 
plant. 


 Schwelwerk Offleben fe neue three installations which ieveunek. comprise 
B. K. B.;.a@ second installation is in the British Zone, and the third is in | 
‘the Russian zone. There is only one coal-cleaning plant to serve the three 
groups. It is in the British zone. On the other hand, power is furnished to 
the three installations from a power plant in the Russian zonc. : 


The Offleben eee mine was visited first. It-uses modern digging 
equipment for romoval of overburden and brown coal and for backfilling the 
excavation. The normal output of the three mines.is about 14,000 metric tons 
of ‘brown coal per day. Total capacity is about 20,000 metric tons. 


Most of the brown coal from the three mines is used either in loose or 
briquettod form for fuel, but a part of the Offleben production goes to the - 
Lurgi- Spulgas pliant. In. this plant the raw coal gocs first to a bunker, from 
which it is conveyed to crushers, which reduce it to 0-20 m. (0-0.7874 inch) 
size. ‘It is then dried to about 15 percent moisture content by recirculated ° 
gas and is briquetted by. pressure only: The briquets are loaded into the top 
sections of the carbonizing retorts, where the remainder of the moisture is 
driven off by combustion gases. The briqucts disintegrate on drying, and 
the granular semicoke passes downward in the presence of distillation gascs 
(temporature, 600°-700° C. or 1,112°-1,292° F.). ‘The granular coke passes 
through a cooling zone and is eaves from the oven. through a discharging | 
device. 


Tar and oils are removed fromthe gas ae electrical precipitators, in- 
direct. coolers, and Feld washers. -The tar is shipped to hydrogenation plants. 
The middle oil is used ag the scrubbing medium for the light oil but eventually 
is hydrogenated | or worked up for gasoline and Diesel oil.. The benzine fraction 
also is further refined for use as motor fuel. The tar, oil, and benzine are 
worked up by Braunkchle-Benzin A. G,. The:capacity of the retorts is about 
3,300 metric tons per 24. hours. When visited, it was running at ee one- 
third capacity... A. sae a, of ‘the Process follows. | 
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Description of Offleben Low-Temperature Distillation Works 


Raw brown coal with about 54 percent moisture is transported from open- 
cut mines by electric railway to the carbonization plant and unloaded. into a 
low bunker of 5,000 metric tons capacity. This bunker insures a continuous 
supply of coal for the plant in case of interruptions in coal production and 
in deliveries on Sundays and holidays. The-.coal is lifted from the bunker 
by bucket excavators: and dumped onto a belt, which conveys it to the so-called 
"Nasedienst” plant, where the raw coal is prepared for the drying process. 
Here the coal first passes a roller.grate and is screened. The coarse material 
is crushed by "Titan" breakers and, together with the fine coal (0-20 m. or 
0-0,787 inch size), is transported to the "Trockendienst" or drying plant, 
which reduces the moisture to a suitable percentage for briquetting. 


The Offleben distillation works is subdivided into a briquetting plant, 
@ gas-producer plant, and a low-temperature carbonization plant. The finely 
crushed raw coal is dried in inert-gas driers and briquetted with plunger 
presses without use of binder. For drying, -surplus gas from the carbonizers 
is used principally, together with a small quantity of producer gas. Bri- 
qQuetting the dried coal prepares it in suitable form for efficient carboniza- 
tion by the Lurgi-Spiilgas: ‘process using dircct heating with high-temperature - 
recirculated gas, and, in sh) makes possible the production of coarse © 
granular coke. 


The briduets manufactured in the briquetting plant are conveyed by rupver 
belts into the carbonizing plant and charged into 10 Lurgi retort-type ovens, 
The Lurgi oven consists of two main parts: The upper part, or predrier, and 
the lower part, or carbonizer. .The two parts are joined. by eight connecting 
channels. Each oven is constructed as a vertical double oven, between which 
are combustion chambers and gas channels. The. combustion chambers are made 
of fire brick, and the predrier and carbonizer are brick-lined. The baffles 
inside of the predrier are made of steel, and the louvers in the cartonizer 
are of ceramic material.. Exclusive of the coal-charging and coke-discharg- — 
ing arrangements, the height of the retort is about 17 meters (55.8 feet), 
Any dust accumulated inside the oven can. be removed during the operation. 


The briquets in the predrier are ‘heated by recirculating gases ond dried 
from about 15 to O percent moisture content. They are slowly heated while 
moving downward by gravity and pass through a maximm drying-ges temperature 
zone of 220°-300° C. (428°-572° F.), depending on the throughput of the oven. 


The dried briquets in the carbonizer are heated by recirculating flush- 
ing gas (Spulgas) to a temperature between 600° and 700° C.. (1,112° and 
1,292° F.), The heat required comes: from carbonization gas burned in a com- 
buetion chamber. After passing through the carbonizing zone, the char is 
cooled down by recirculated carbonization gas to a temperature of about 120°- 
200° Cc, (248°-392° F.), depending on tho throughput of the oven. 


The carbonization gasos lcave the carboniz ing. en aro seorieeted in 
ere Upper part of tho carbonizer, and leave tho oven ata tomperaturo of about 
20° C. (4649 F.), They are first cleanod from dust, arc then cooled in a 
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direct water-spray cooler, where some heavy tar is taken out, and - are next 
passed through an electr’cal tar precipitator, which removes most of the re- 
maining tar. The gas is further cooled in indirect coolers, and middle oil 
end water are condensed out. The middle oil, aftcr removal of benzine, is 
used as wash oll to recover light oil (crude. benzine) from the carbonization 
gas. This washing takes place in vessels of the Feld type, in which the 
precleaned gas comos in direct contact with wash oil in a very fine spray. 
The light oil Washed from the gas is recovored in a benzine-distillation 
plant opcrated with stcam. A part of the uscd bonzine-free wash o11 lcaves 
the systom and, togcthor with the heavy and light tar, is shipped to hydro- 
genation plants for conversion into motor fuols. <A part of the crude benzinc 
is refined, but most of it is also hydrogonated. 


Bueine the drying and carbenization processes, the briquets are converted 
into coke containing both coarse and fine materials. The coke, after dis- 
charge from the oven, is first cooled and stabilized in four. revolving drums 
made of shoct iron. The coke in the drums is sprayed lightly with water and 
treated with an air-stvam mixture. The cool coke is conveycd to a bunker of 
2,500 motric tons capacity, whero the coke is’ screened into three different 
sizes, namoly, fine coke from 0-10 mm. (0-0.4 inch), middle size from 10-20 
mm, (0,4-0.8 inch), and coarse coke above 20 mm, (0,8 inch). The fine size 
4s used in boiler plants and in Winkler gas producers; the middle size is 
shipped principally to central-heating and gas-producer plants; whereas the 
coarse coke finds its main market as household fuel. The dry coke has a. 
calorific value of about 6,600 kg.-cal. per kilogram (11,800 B.t.u. per ooetal 
and contains about 16 percent ash, After direct sprinkling with water in the 
drums, the coke contains up to 18 percent moisture and has a calorific value 
of about 5,300 ‘ke. ~cal. per kilogram (9,540 B.t.u. per pound). 


| - Tho. carbonization gas, which has a “eiowitic’waius or about. 2,200 kg.- 
cal. per cubic meter (247 B.t.u. per cubic foot), is used for heating the. 
predricr and the carbonizer in the carbonization plant. Surplus carbonizaticn 
gas is used for drying the raw brown coal in the drying system ahead of the . 
briquetting plant. A small quantity of the carbonization gas is sent to the 
boiler plant at the “Treue”™ mine to generate steam. 


Fach Lurgi oven has a “capacity of 300 to 400 metric tons of eetaiets per 
day, which for nine operating ovens amounts to about 3,000 to 3,300 metric. 
tons per day, or about 1,200,000 metric tons per year - the equivalent of 
2,100,000 metric tons of raw brown coal. The tar content of the briquets is 
between 10 and 12 percent. Yearly. production of tar, middle ofl, and crude 
benzine amourits to about 84,000, 18,000, and 18,000 metric tons, respectively. 
In addition, 600,000 metric tons per year of coke in three different sizes 
is produced. Tho ‘tar, middle oil, and crude benzine are shipped to. Braun- 
kohle-Benzin A. G. for hydrogengtion. After the war, the tar was used in 
coke-oven plants of the Reichwerke in Watenstedt for the ‘production of gas. 


Storage facilities at the.Offleben works include six tanks with a total 
capacity of 7,000 cubic meters (1,849,210 U. S. gallons) for storage of tar 
and oil, one 500 cubic-meter (132, 090-gallon) tank for middle ail, and one 


500 cubic-meter (132, 090-gallon) tank for crude benzine. All products are 
shipped from the works by railroad. 
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The electrical energy for the Offleben works is supplied by the Harpke 
power plant. The yearly power demand at full-capacity amounts to 55,000,000 
to 60,000,000 kilowatt hours. About 800 cubic meters (211,340 U. S. gallons) 
per hour of recirculating water, which is cooied in specially designed towers, 
is required for cocling purposes. 


In addition to the plants mentioned above, the Orfleben works has tho 
usual auxiliaries found in modem works thet are required for e“ricient 
operation and for the welfare of plant personnel. _ ° 


I, G. Farbonindustrie, ieee os 


The Leuna plant of I. G. Farbenindustrie near Merseburg was visited 
during the week of December 30, 1945. ‘The following processes were Inspected: 


lL. The hydrogenation of brown coal. 


2. Continuous distillation of the »roduct from Liquid- Phase hydro- 
genation of brown coal to produce an oil attire at 32 25° Cc. (617° F.) 
and a residue fcr reuse as pasting oil. 
{ . ; 
%. Continuous sxteastton oe phenols from the distillate bdoilinz below 
325° C. (617° F.) recovered by. the. continuous Gistillaticn mentioned in (2) 
above. 


4. Continuovs distillation of the phenols to obtain forerunnings, a 
fraction high in phencls, a fraction low in phenols, and a residue. 


5. Springing and recausticizing of the phenolate and carbonate from 
the continuous extraction Pers 


6. Ref ining or phenol Bade oresols peweuaned ae ‘the atidve processes 
and received from other " Plante anes aaa: and Spee emer) 


‘ . 8 @ © 4 


8. Manufacture of cyclohexanone by - ene: catalytic iarheeeeNeicn oF 
cyclohexanol, using a zinc-iron catalyst.. 


9. Manv“acture of oxime elon GretoneRanene: using a hy droxy lamine 
sulfate solution made from ammonium bisulfite, armonium nitrite, ana sulfur 
cioxide. ee , 


10. Production of caprolactam or luran by reacting the oxime with 
sulfuric acid followed by neutralization with a solution cf amronium 
hydroxide. 


Descriptions of these processes, with flow diagrams, were obtained; 
also, descriptions and flow diagrams for small-scale plants that were used 
for making brenzcstechin (pyrocetechol) and adipic acid. ‘These two lattcr. 
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plants had been destHoyed by air raids and therefore could not be inspected. 
The other plants listed above had been damaged, but each could be used, at 
least at part capacity, except the continuous extraction plant. 


A plant for the extraction of phenols from waste waters by means of tri- 
cresylphosphate was inspected. It was heavily damaged by bombs. A flow di- 
agram (without description) for this plant was received. ; 


A pilot plant that had been used for trial of the phenosolvan process 
had been completely destroyed and could not be srebeeaes No description of 
this plant was available. 


During the period of January to May 1944 iia pears plant processed 
2,500 metric tons of tar acids per month. It was received from the following 
sources? 


; : Metric tons 
Produced at Leuna by the hydrogenation of brown 

coal ee 2 870 
Phenosolvan extract from Politz hydrogenation plant 320 
Phenosolvan extract from Most (Brux) hydrogenation 

DIAC: caeuseeciinens sa eoreteseeceuesucseeusesecees, 1150 
Phenosolvan extract from Blechhummer hydrogenation 


plant @eeseevvestsveaeoeevoeeoeaevoeaeveevneeseeeoeaneeoeeoeaeveeaeeeaneone 0 160 


2,500 


The following monthly quantities cf products were madc; 


Metric tons 


CYVUGO- DCN: s.¢:30ss5 sb Slee ee-e Vib ss eb 6s We bale ewan eases 15 
Pure phenol PROTO COOCHE EE HEHEHE SHC E ECE HEC EO EHH OO HELO 265 
Ortho Fraction cosvcsecccccccccccscccsvevescscseess 80 

- Ortho cresol 50 percent ee ee ee er 90 
- Cresol DAB), (at least 38 percent m-cresol) .sccoeee 360 
Cresol DABE (at least 50 percent m-crcsol) © aeioieeieae 40 
Xylenol CoCo reece eerorereoeaseesossoresosesoescorere 2350 
XYLoONOL N cocccccevccscccssvresccsccscscsvcseccsscces 70 
Crude: Brenzcatechin 1: és ss454 6k eee wateeseeebewes — 25 
Crude Brenzcatecnin TE wssessesescicwesspcee es ebewes 130 
Crude Brenzcatechin Til Pe ee re ee eee 2 
Crude Brenzcatechin IV .occcccccccccccccscccescscce 70 
Residues returned to hydrogonation seccoccccccccece Ce 
2,007 


Braunkohlc-Bonzin A. G. (Brabag), Berlin | 


The investigator went to Schinkolplatz on November 1, 1945, but found 
tho office building previously occupicd by Braunkohlo-Benzin A. G. to have 
beon almost complutely destroyed. A sign on the door read "Die Verbindung- 
stelle, Karlstr. 20A N. W. 7." Because cf lack of time, this address was 
not visited. — a : | 
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From other sources the writer was informed that Brabag has four plants 
in operation, which since the war were first under Russian supervision and 
later were declared possessions of the Russian Government. Three of these 
plants are hydrogenation plents and are at Bohlen near Leipzig, at Troglitz 
near Zeitz, and at Rothensee near Magdeburg, whereas the fourth is a synthesis 
(Fischer) plant near Schwarzheide. The hydrogenation plant at Rothensee, 
meanwhile, hag been completely dismantled and transported to the East. Forty 
Fischer ovens of the Schwarzheide plant have been given to the Poles, and it 
is said that they will start a new synthesis plant in Upper.Silesia. 


Brennstoff Technik, Essen 


On October 17, 1945, Director Edw. Kuhl was interviewed in Essen con- 
cerning the work done by Brennstoff Technik toward the development of a proc- 
ess invented by Franz Pucning for the low-temperature carbonization of coal. 
~Brennstoff Technik was organized to promote the use of this process. The 
company was capitalized at 1,200,000 R. M. At the time of tho interview, it 
had spent betweon 1,000,000 and 1,200,000 R. M. on development work. 


An experimental plant was erected at the Gas Works at Berlin which had 
capacity on coking coal of 50 metric tons per 24 hours and a capacity of 
100 metric tons per 24 hours wien operated on nenecierhe coal or coal briquects. 


A large plant of 16 cvens with a daily capacity of 1,600 metric tons 
of coal briquets was undcr construction at the Hermann Goering Works near 
Saarbrucken and was about 50 percont complctcd whcn the war onded. Another 
plant of the same capacity had just been started at the Hermann Goering 
Works near Katowice (Kett towitz). 


Experimental work on the tar from this process was conducted by Chemische 
Fabrik, Byk-Gulden Werke, of Berlin. A pilot plant of 5 to 6 metric tons 
daily capacity was operated to make fuel oil, Diesel oil, and phenolates. 

Two large continuous tar plants were projected (but not etarted) for the 
two Hermann Goering plants mentioned above. 


At the conclusion of the interview, Director Kuhl offered to prepare a 
report giving more dstailed information about the B. T. process. The report 
was received from him on November 7, 1945. 


Dr. Lameck, Besen 


The following statement corcerning the préeocsink of low-temperature 
tars according to a procedure worked out by. Byk-Guldconworke Chemische Fabrik 
A. G., Berlin, was furnished by-Dr. Lameck of Essen, who at. tho time of the 
interview was associated with the Mines -PUPer Division of North Gorman Coal 
Control. 


The treatment of ioweeonneti ae according to the proc- 
ess of Byk-Guldenwerke was doveloped in the rescarch laboratory at 
Oranienburg by the chicf chemist, Dr. Hansen, ag far as it concerns 
the mode of procedure. The technicalities wero developed. by the 
firm of Bronnstorf Technik G.m.b.H., Essen, Burchaus Sthdtische 
oparkasse. 
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"An experimental ' ‘plant with a throughput of about six metric 
tone of ‘tar per day was arranged at-Oranienburg in 1942 by orders 
of competent authorities of the Reich. The plant was destroyed ~~ 


_ by bombs at the beginning of this year. 


(2) 


Up to 1945 many expertinents had been made with various tars 
yielded by carvonization of long-flame coals from the mining dis- 
tricts of Upper Silesia, the Saar, and Lorraine. On account of © 
the satisfactory teats, Byk-Guldenwerke was able to offer a proc- 
ess for practical use. Together with competent authorities of 
the Reich two works projects -were finally settled. These projects 
concerned the design of plants in Upper Silesia and Lorraine. © 


“Treatment by Distillation 


(enact ements SPD RSG 


When distilling: a true low-temperature ae the yield of dis- 
tillate amounts to about 65 to 70 percent and that of pitch to 35 
to 30 percent. The lower and upper boiling limits of the distil- 


late are between 180° and 360° C. (356° and 680° F.). Small: 


Quantities of benzine (octane rating about 80) may be left out of 


. account. The pitch may be used as a binding substance for the 


-briquetting of coal in the customary way. Also, it is a raw 


material for hydrogenation or for the manufacture of -eloctrode 

coke. The distillate ts troated by sodium hydrate to extract the 
phenols. These phenols, including their high boiling ingredients, 
were used by Byk-Guldenwerke for the manufacture of synthetic 


. plastics and lacquers. Tho resulting noutral oils had’ been found 


- suitable for uso in slow-running Diescl ongines. By treatment 


| with methyl alcohol it is possible to divide this oil into a por- 


tion casily ignitable (octane rating about 49) and into another 
portion of a high ignitability (octane rating about 20). The 
properties of Diesol oils are naturally dependont on the qualities 


of the tars to be treated. The qualitics are dependent on the 


(2) 


conditions of carbonization, i.e., rate of temperature and process 
of carbonization. It has been proved shat the best tars were ob- 
tained by heating-surface ovens... 


Process of Washing 


| As there is no difference between. the specific gravities of 
tar and sodium hydrate,: it is necessary to dilute the tar at first. 


Then it is possible to extract the phenols by sodium hydrate. After 
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distilling the dilution agent, the remaining neutral oil may be used 
as qualified heating o11 or in slow-running Diesel engines. Other- 
wise, the noutral oil may be divided into pitch and Diesel oil (octane 


rating about 28) by: distillation. As montioned, it is further possi- 


ble to divide this oil into a portion easily ignitable and another 


portion of a ne taptteoti ty ‘by treatment with methyl alcohol. 
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Heinrich Koppers, G.m.b.H., ‘Essen 


The firm of Heinrich kKoppers G.m.b.H., Essen, was interviewed in Novem- 
ber 19h eoncennt ne the low- oe ey carbonization of coal. 


In 19h2, the ones organization vebeived: an eraey aca the Sceweued 
verwaltung Oberschlesien in Kattowitz for a low-temperature carbonization 
plant with a capacity o* 1,000,000 metric tons o: nonceking and weakly caking 
bituminous coals per year'to be installed at the Oheim'mine. The design of 
the installation was. based upon past experience in the use of continuous, © 
vertical, refractory ovens for high- and medium-temperature carbonization | 
purposes. Also, this: experience was supplemonted by large-scale. tcsts con- 
ducted at the Ohcim mine of Bergwerksvcrwoltung Oberschlicsicn. The plant 
was not i beiore the end of ue war. 


The Koppours low- -temperature plent:- was to nawe: vertical oe cach 
Ld 500 mm. high, 3,500 mm. -long, 250 mm. wide at the top, ana 350 mm. -widce 
at the bottom. Equivelemt English vnits are 37.7: Zect, 11.5 foct, 9.8 inchos, 
and 13.8 inchcs, respectively. The following yiclds worc epee ea por met- 
ric ton of coal carbonized: Coke (3 percent moisture), 64.0 percent; gas, 
300.0 Nm? (11,390 cubic Zteet at 60° F...and 30. inches He pressure, saturated); 
low- neve tar, a 5) percents and low- re et sea benzine, 0. 8 percent. 


Tar sucaueeds in the seat plant at ne: Oheim mine was distilled contin- 
uously with a pipe still to determine the ylelds or: products that. might be- 
expected, Heating oil, 70 percent, pitch (82° C. or 179,69 F.), 29 percent, 
and light oil; 1.0 percent, were produced. | — 


Additional details concerning this project are furnished in a Popene 
entitled “Die Schwelung . der Steinkohle nach Koppers." 


Firma - Carl —_ ReckLingheusen 


ox November 9, 1945, Mr. Still sna Dei Schmidt of ‘the Carl Still organi- 
zation, 21 Kaiserwall, Recklinghausen, were questioned concerning equipment 
furnished for the gy <ceneesace carbonization of coal or for the process- 
ing of low-temperature tar. They reported-that in 1942 thoir organization 
had built .a plant at Espenhain near Leipzig vor the processing of 200,000 |. 
metric-toris of brown-coal tar per year. Tho plant was built for Aktiengesell- 
schart Sacnsische Worke. It consisted of a centrifuge plant for rcomoving 
suepended matter from the brown-coal tur; a Gontinuous pipe still operated 
- atmospherically; & vacuum pipo-‘still installation to further distill the 
residue from the atmospheric unit; batch stills for blowing the soft pitch 
‘from the vacuum: still with hot inert gas to make hard. ae and a pitch 
coke plant. . 


For processing the distillates, thcro was an Edcolcenu extraction plant 
to remove’ “paratTins and ‘batch Nap urasa A stills with aia 


Peseeinr eke of mos t of these once wurc furnished ty Mr. Still at a 
latcr datc. 
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Gesellschaft fur Oct Ver er ue ; pus Spurge sencs 


Following a report that 28,000 metric tons of low-temperature tar from 
bituminous coal had been furnished. to this firm for distillation purposes 
in 1945, , members of the firm were interrogated on September 17, 1945. 


It. was Leaked: that low-temperature tar from bituminous coal carbonized 
in Krupp-Lurgi retorts had been received from Wanne-Eickel at the rate of 
400 metric tons per month and from the Saar at the rate of 300 metric tons 
per month... However, inatead of ‘being distilled at Meiderich, the low-tem- 
perature tar was mixed with other materials distributed for fuel purposes 
from that.plant. The parent of low- -temperature tar in the ee Bixwure 
was 10 percent. —s-_, . 

In July 1944, a emall quantity of low-temperature tar ee by Brenn- 
storf Technik was-furnished to Gesellschaft fur Teerverwertung for test pur- 
poses.. A copy of a report covering a batch. distillation of this tar was 
received, as well as a copy of an article by Dr. O. Kruber entitled "Boitrage 
zur Kenntnis des Steinkohlenschweltecrols." 


Julius Pintech, Kommanditgesollschaft,. Berlin = 


The office of Julius Pintech, Androas Str. 71- 73, Berlin, was visited 
for the first time on November 2, 1945. The person interviewed was Director 
Dr. H. Rosenthal. For information about tho. Pintsch-Hillebrand process, ho 
suggested an interview with. Dr. Demann on the following day. For information 
about tar proccssing, he suggosted that Dr. Stock be intervicwed whon | 
aint nee 


Dr. Stock - was ‘contacted tho next morning at hig home a Nelkerstr.- 39 
Berlin-Zchicndorf. He said that Pintsch builds plants for refining the * 
benzone recovered at brown-coal distillation plants. and from thc distilla- 
tion of brown-coal tar.” The benzinc, im vapor phase, at 300°-4009 C. (572°- 
752° F.) is passed over fron. oro. Iron sulfide is formed and the liborated 
hydrogen acts as.a hydrogenating. agent, and subsequent. rof ining losses are 
“decreased. No corrosive sulfur is leit in the benzine. According to Dr. 
Stock,. the process can be used on. brown-coal tar ‘and Esthonia shale tar. 

A ref ining plant of this typo was startod about'19h0. A largcr plant of the 
- gamc kind for refining -benzol was operated by Grossgaseret Magdeburg. The 

process Was. vatented. in Germany by Dr. Rostin. | The patent is owned by Con- 
tinental-01,: but Pintsch has the right to build plants in ‘Germany. The 
process was described by Director Jehn in. "Die Braunkohle" during the period 
1940-42, Dr. Stock said.that he would. try to find. a copy of the article and 
send it to. the writer. He would like to see the process. applied to the shale 
oil produced at Messel, near Darmstedt, and also to the lignite tar of: Hotre’ 
a aa a A. G.) in Wolfershein. 


On November 5 > the Pintech oil as plent at ‘Rummeléburg » in the out- 
skirts of Berlin, was visited with Director Rosenthal. This is one of 26 
plants gasifying crude brown-coal ter for the production of gas used by the 
German railroads for the illumination of passenger Cars and algo oe the 


2T7h9 : “70. = 


Google 


T.C.. 7490 


neating or car wheels in repair shops. Gasification of 1 metric ton of tar 
requires 200 kilograms (4/1 pounds) cf | tar for heating and mckes 500 cubic 
meters (17,6C0 cubic feet) of gas (calorific value, 9,000 kg.-cal. per oubic 
meter or 1,010 B.t.eu. per cubic foot). and 30 kilograms (£6 rounds) of light 
Hevea chore (shirped to Rutwerswerke for refining). The gas is compressed 
io 15 atmospheres (220 pounds per square inch) for distribution in pine 
-ines to points of use. The plant at Rummelsburg has three machines. Fach 
consists of a heat exchanser or foreheater for the two checker-filler gen- 
erators thit are alternately heated with tar and carburetted with tar. The 
temperature in the generators is 200°-850° C. (1,472°9-1,5°2° F.) and the 
pressure 500 mm. (19.7 inches). The gas production of each machine is 250- 
50C cubic meters (8,£30-17,560 cubic feet) per hour, depending upon the 
quality of the tar. Pintsch has built plants for distilling brown-coal tar 
in Czechoslovakia, using the Sadewisser process, but they were not very 
successful. A batch-distilling plant fcr bituminous cval tar is being 
erected at Chemnitz for Stetor (manufacturer of roofing felt). A two-ton 
still with agitatcr to operate at 70 mm. (2.7€ inches). mercury pressure will 
pe installed. It will operate on tar from gas plants or coke plants. 


}-4 


Following the interview, documents were received concerning the Pintsch- 
Hillebriund water-gas process and synthesis gas from peat. 


Dre Reerin!:, Fssen 


Dr. Reerink, formerly Director of Research of Rergbau Verein, and at 
the time cf this visit, Octeber 6, 1945, employed by the Mines Supply Divi- 
Sion of North German Coal Contrsal, was contacted to obtain seneral informa- 
tion about coul ters in Uermany. | 


Dr. Reerink stated that coal-tur research in sermany hod been carried 
on by Institut fur Mineralol Forschung (Prof. He? inze), Berlin; Deutsche 
Frdol A. G., Berlin; Edeleanu Ges. (Dr. Terres); Ges. fur Kohletechnik, 
Dortmund; Byk-Gulden Werke, Berlin; and I. G. Farbenindustrie, Leverkusen. 
Sood authorities on these sub‘ects ere also Pr. Kraut, Deas Farbenindus Grae. 
Perlin, and Dr. Gazemann ‘of Ruhrchemie, Sterkrade -Holten. 


Dr. Reerink discussed briefly the use of brown -coal tar for beeaeonas 
tion purpeses; the use of the Edeleanu process (SOo) for the recovery from 
drown-coal tar of benzine, Diese] oil, and paraffins; and the combined, as3* 
tillation, extraction, and Byaroecnetien process tried by Deutsche Erdol. 
Leter, a 150,000 metric-ton plant was built at Fspenh2in, according to Dr. 
Reerink. 


Soue general remarks were made by Dr. Reerink about the comparative 
merits of hydrogenation, Fischer-Trepsch, and Pott-Broche processes for 
making motor fuels and aviation gascline. 

In connection with coke for the aluminum industry, Dr. Reerink said 


that pitch ccke sold for 90 R.M. per ton during the war and coke made from 
the extract produced by the Pott-Broche process sold for 180 R.M. per ton. 
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Dr. C. Otto and Company , G.m.b.H., Dahlhausen 


At the office and plant of Dr. C. Otto and Comoany, Dahithausen, Germany, 
visited on October 16, 1945, the following persons were interviewed: Dr. 
Stuhlmann, Dr. Brensing, Mr. Schoen, and Mr. Boskamp. 


The following information was obtained concerning low-temperature car- 
bonization and low-temperature tar: This company has cerried on a consider- 
able amount of investigational work on low-temperature carbonization of bitu- 
mincus coal. A pilot plant was built in which at first it was tried to 
carbonize the coal by sensible heat alone. This attempt was not successful 
and a small coke oven with horizontal heating flues was erected and inside 
the oven were placed, in vertical position, steel members resembling I-beams. 
When they were in place, the flanges of the I-beams were close to the walls 
of the oven and the wets were extended crosswise between the walls. The ccal 
was filled into the spaces between the I-beams; heat was tranemitted to the 
coal through tho side walls of the oven and also by the steel plates or webs 
of the I-beams. At the ond of the carbonizing period, the low-temperature 
coke was dropped from the bottom of the oven into a car. The oven was pro- 
vidod with a rcegenorator, which was dircctly in line with and on tho samc 
level as the cckc oven. The coko produccd in this oven was of good quality, 
but the stecl-heating mombers warpod badly and made it difficult to discharge 
the coke, so the steel members were removed end tests were made with heat 
supplied only through the side walls. A plant designed on this basis was 
projected but was not built. 


The Otto Company has not investigated low-temperature tar. Dr. Stuhl- 
mann mentioned the fact that a large amount of work had been, done on the 
miscibility of low-temperature tar by Krupp under Director Muller and Dr. 
Demann. The Otto Company also has not built tar plants for the distillation 
of low-temperature tar. 


Deutsche Erdél A. G. Berlin 


On November 1, Director Ritter of Deutsche Erdol, A. G., was interviewed 
in his office at 61-66 Martin Luther Str. He stated that the brown-coal 
distillation operations of Deutsche Erd6l are carried out in two plants at 
Regis, near Leipzig, and one plant at Rositz. At the latter plant there ts 
a large installation for the distillation of brown-coal tar by the old method 
used for this purpose. Also, at this plant there is an experimental unit in 
which was developed the system of dewaxing, distillation, and coking now used 
commercially at Espenhain. 


Director Ritter said that he was not very familiar with the methods 
used for processing the tar, and the company's four bost experts on this 
subject had died (one only the week before this visit), but he said that 
he would try to get a description from the Rositz plant. 


Following the interview, several documents pertaining to tay -tenecnee 
ture were received from Director Ritter. 
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Dr. Than, Didier Werke A. G., Berlin 


Dr. Adolf Thau of Didter Werke A. G.y Westfalische ‘Sir. $0, Berlin- 
Wilmersdor? » wae interviewed’ on Cetober 1, 1945. After a brief discussion 
of low-temperature carbonization and the working uv of low-temerature tars 
including brown-coal tar, Dr. Theu offered to Mente a special report on 
these subjects, | - es 

_ ' Accerding to Dr. Thau, the distillation of brown-coal tar is best de- 
scribed in "Die Chemie der Braunkohle” by Erdamann and Dolch (published by- 
Knapp in Halle, 1927). 


The moet interesting brown-coal tar-distillation plant is at Rositz at 
the plant of Deutsche Erd6l A. G. Dr. Thau did not seem to be aware of the 
ract that a ie vlant of the same type had been erectec at Hspenhain 
during the war : 


Dr. ‘Than stated that the only systems now in use in Germany ror oe 
carbonization of brown coal are the weaeees and the re -Spulgas processes 


Reference was ite ie the fact that Dr.- seanadn or Byk-Guldenwerke had 
applied for a patent on a method for xsecovering tar oe from low-tempera- 
ture tar. He did not PEPE DUCE the a : 


“ASC ere to Dr. Than, a scum, Gye: ee rietatiats isnt Oo. the ver- 
cical pereactery type was rected by Didier Werke owes ous war. 


Following the visit, an ARS entitled "Tio State cf ‘Low- Regperweies 
Carbonization in Germany Before the Conclusion of the cs and several sup- 
porting documents were rocoived from Dr. oe 


PART IIT, -ENDEX 10 FLAT MICROFILM REEL ¢ =36 
(TOM MICROFILM REEL 152, PBL 13,0 05), 


Part A 
The Low-Temperature Carbonization of Coal and the ~ocessing, Usc, 
and Distribution of Low-Temperature Tear and Products Derived Therefron. 
Documents end drawinge. 
Part’ B 


Processes and Equipment for the Recovery or Phenols From Industrial 
Waste Wators. Documents ond. drawing s. : eee 


ae eka + 2 oH 
The "Buttner™ Dricr. Descriptive pamphlets and drawings. 
poe D 


Tho piutach i Tistrand” Watordae Gonoréter and thc Production cf 
Synthesis Gas from Peat. Documcnts and drawings. | 
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_ Part BE. 


Copy of a Dissertation. by Ing. F. A. Croy entitled "Concerning a Proc- 
ess for.the Recovery of Pyrocatechol from Brown-Coal Tar, the Uce of the 
Same on a Large =eare, ’ and the Purification of the Technical | Product.“ 


“FIAT MICROFILM REEL C- -98 OR TOM MICROFILM REEL 152, (PBL 13,093) 


Documents collected by E. 0. Rhodes,. Miscellaneous Chemicals Sub-Committee, 
JIOA, between September 15, 1945, and January 15, 1946. 


Filmed by JIOA. 
Date: Jamary 26, 1946, 


Index oo Frame Nos. 
Part A: 


I. Books and documents dealing with low-temperature car- 
bonization of coal. Received from Dr. Adolf Thau, 
Didier Werke, Berlin. 


1. Tho state of low-temperature carbonization in Ger- 
many before the Eee of the war. By Acolf 
Thau, : : Le ee 88 ; : 1-30 


2. Documents to accompany article by Adolf Thau titled 
"Tho State of Low-Temporature Carbonization in 
Germany before the Conclusion of the War," Dia- 
grams and table relating to low-temperature car- 
bonization of coal. Yearly report of the "“Brenn- 
krafttechnische Gesellschaft E, V." 1940-41, 31-201 


3. Kohlenschwelung zugloich Erg&nzung zu "Die Schwelung 
von Braun-und Steinkohle” von Adolf Thau. The low- 
temperature carbonization of coal. Supplement to 
—6""The Low-Temperature Carbonization of Brown and 
Bituminous Coal.” 7 | | 202-418 


h. 70 Jahro Didier-Ofenbau Mittoltemperatur-Verkokung, 
70 Years of Didier Ovon Construction, Middle-Ten- 
porature Coking. 419-L2h 


5. Amt fur Technik der N.S.D. A,P. Bopicht uber dic 
Tagung "Hcimische Troibstoffc" Nurnberg, October 
1936, Roport on the meeting "Domestic Motor 
Fuels," Nurnberg, October 1936. 425 - 482 


II. Documonts from Brennstoff Technik, Esson. 


1. Lettor to E. 0, Rhodés, dcscription, drawings, dia- 
grams, and photographs relating to “Brennstoff 
Technik® process for carbonizing coal at low 
tempcraturcs, 483-506 
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ind x Frame Nos. 
to qa ew 


Documcnts concerning low-temperature carbonization, low- 


temperature tar, and pressure gasification of solia 
fucls with oxygon. From Lurgi, Freankcure a.M, 


1. “Recent Developmonts of Low- -Tomporaturc Carbonizs- 
tion of Solid Fuels in Gcormany" by Dr. F. A. 
Octkoen. Abstract by A. Thau in Engineering Pxrog- 
rose, vol. 17, Cctcbcr 1396, pp. 229-235. 


ee Keupp-Lurgi Kammor-Schwclanlagon fur Steinkonlo. 
Krupp-Lurgi chamber for lLow-temporature carboni- 
zation o: bituminous coal. 


3. Lurgi Carbonizers. 


Lh, Dic Druckvergasung Zestcr Bronnstoffe mit Sauer- 
stoff. Von Dr, Ing. Friedvich Danulat, Franx’urt 
a. M. The preseure ee of solid fucls 
with oxygen. 


5. Statistics for 1943, Production and treatm nt of 
low-tcmporature tar. 


? 


Reports and diagrams rovcived from Hd. Keoppcrs, Essen. 


Ls Dic Schwclung cer Stcini:chle nach Koppers. The lcw- 
tenperature carbonization cr bituminous coal by 
th: Koppere method. 


Documents obtained frem Mcscrs. Fricdrich Krunp A.G., 
Kesen, Ruhr, German. 


1. Lay-out drawings and flow divgrims of low-tcomprra- 
ture cerbonizetion and Fiscner-Tropsch plents of 
Fricd. Keupp A. G. 


2. Flow shcct for Krucn Lurgt low-temperature 
carbonization plant, Winne-hickel, 


b. Flow sheet for Krupp F Fischer-Tr opsch eee 
Wanno-Eic kel. 


c. Krupp-Treibstoff Wurk. G.m.b.H., Lageplan. 
Krupp motor-fuel plant lay-out. 


ec. Reprints of artic cles cconccerming lLow-+tompcrcturo 


carbonization and Ree as isan ae tar, recoived 
from Fricd. Krupp A. G. Essen-Ruhr. © 
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Index Frame Nos. 


"Steinkohlenschwelteer" from "Kohlenschwelung" by 
‘Adolf Thau. 


Oter Betriebserfahrungen mit der Steinkohlen- 
Schwelanlage Bauart "Krupp-Lurgi®™ auf Schach- 
tanlage Amalie der Fried. Krupp A. G., Berg- 

werke Eesen. Von K. Bruggemann. Concerning 
operating experience with the Krupp-Lurgi plant 
for the low-temperature carbonization of bitu- 
minous coal at the "Amalie" shaft plant of 
Fried. Krupp A. Gey mines, Eanes 


Wassergaserzeugung aus Steinkohlen-Schwelkoks. 
Von Dipl. Ing. Wilke, Oberhausen - Holten. 
Water-gas production from coke produced by low- 
temperature carbonization cf bituminous coals, 
by Dipl. Ing. Wilke, Obcrheusen - Holtcn 


Die Physikalische Prufung von Schwel-und Hochtom- 
peraturkoks in ciner 5-kg-Trommel. Von E. 
Comblés und W. Surmund. The physical testing 
of coke produced by low-temperature carboniza- 
tion and high-temperature carbonization. By E. 
Comblés and W. Surmund. | 


Dic Bestimmng der Pumpfahigkeit von Heizolen 


Von H. R. Asbach vnd J. Tegethoff. The do- 
tcrmination of the pumpability of heating oils. 
By H. R. Asbach and J. Tegethoff. 


Mischbarkoit von Heizolen von Dr. W. Demann, Essen. 
Miscibility of hcating oils by Dr. W. Demann, 
Essen. 


Laboratoriumsapparatur fur Steinkohnlcenschwelung 
nach dem Hoizflachenverfahren von K. Scheeben, 
Essen, Laboratory apparatus for low-temperature 
carbonization according to the “heating surface” 
process by K. Scheeben, Essen. 


Die bisherigen Arbeiten der Vereinigung fur Stein- 
kohlenschwelung (V.f.S.) von Dir. Dr. H. Weitten- 
hiller, Dortmund. The previous work of the 
"Vereinigung fur Steinkohlenschwelung" (V.f.S.) 
by Dir. Dr. H. Weittenhiller, Dortmund. 


Uber die Schwelung der Steinkohle in Verbindung 
mit der Fischer-Tropsch-Ruhrchemie Synthese von 
F, Muller. Concerning the low-temperature car- 
bonization of bituminous coal in connection with 
the Fischer-Tropsch-Ruhrchemie synthesis by F. 
Muller. 
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290-595 


594-598 


599 -606 


607-612 


613-622 


623-625 
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Index Frame No. 


j- Viskosimetrisches Verfahren zur Bestimmmng cer 
Miscnbarkeit von Kohlenwassercto?fgemiscnen, 
inebesondere ven Heizolen, von Dr. Demann und 
H. R. Asbach. Viscosimetric methods for de- 
termination of the miscibility of mixtures or 
hydrocarbons especially of heating oils. 626-635 


VI. Documents obtained from Mesers. Carl Still, Reck*ing- 
hausen, Germany, concerning a tar plant for Messrs, 
Aktiengesollechaft Sachsische Worke in Espenhain and 
a Plant for processing hydrogenation residue from the 
Politz Hydrogenation Worke. 


1. Letter from Messre. Carl Still, Recklinghausen, to 
BE. O. Rhodes, rererring to descriptions and draw- 
ings relating to the processing of tar. | 635-637 
(For items © through 11 (except Nc. 7), roferred 
to in the léttcr, sec FIAT MicroPilm Recl C-96 ‘or 
TOM Microfilm Reel 152 (PB L 13,093) frames 989- 
oo and 657- 658, respectively.) 


Le Documents concerning a tar plant built by Mcsers. 
Carl Still of Recklinghauson, Gcrmany, for Messrs. 
Aktiengescllechatt Sachsische We erke, Espenhain. 


a. Bes schreibung einor Teerverarbei tung sanlage fir 
die Akticnecsellschart Sachsischs Werke in 
Espenhain. Description of a tar-processing 
plant for the A. G. Sachaiache Werke in | 
Espenhain. — 638-641 


b. Espenhain low-tomperaturc tar ‘plant a by 
Carl Still for Akticng:scllschart SEcnsische 
Werkc, Dresden. | 642. 


c. Beschreibung eincr Rohteer-Schleudcranlage. 
Description of a crudé-tar contrifugal plant. 643-645 


d. Beschreibung einer Tocrdestillaticn. Descrip- ; 
tion of a tar-distillation plant. 646-649 


e. Beschreibung einer Blasenredes tillation = eur 
pararfinhaltig ‘e Gele. Description of a re- 
distilling still for oils containing paraffin. 650-651 


f. Description of a still for production of hard 

' pitch with inert gas. (See FIAT Microfilm 
Reel C-96 or TOM Microfilm Reel 150 (PBL 
13,096) frames 456-458, for description and 
drawings. ) 
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IX. 


Index Frame Nos. 


g.- Beschreibung einer Pechkokerei. Description | 
of a pitch-coke plant. | 652-656 


3. Beschreibung einer Anlage zur Zerlegung von 8 t/n 
eines Hydrierabschlamms fur die Hydrierwerke | 
Politz. Description of a plant for vrocessing 8 
tone per hour of a hydrogenetion residue for the © 
Pélitz Hydrcegenation. Works. 657-658 


1. Document received from Dr. Lameck, Essen, Germany, 
concerning: The treatment of tars made by low 
temperature according to the process of Byk-Gulden- 
werke Chemische Fabrik A. G., Berlin-Oranienburg.. 658-662 


Documents from EeeoLneciat fur Teerverwertung, Duisburg - 
Meiderich, 


Ls Boitrage zur Kenntnis der Steinkohlenschwelteerole. 
Von Dr. O. Kruber. Sonderdruck aus "Oel und Kohle 
vereinigt mit Petroleum," Heft 45, Scite 770 (1939). 
Contributions to the knowledge of tar oils produced 
by low-tcmperature carbonization of bituminous coal 
by Dr. 0. Kruber, Special print from "Oel und Kohle 
vercinigt mit Petroleum," vol. 45, p. 770 (1939). 663-667 


2. Versuchsboricht Uber eine diskontinuierliche Destil- 

lation von Schweltcer aus Waldschacht-Kohlo in der 
Versuchsanlage der Gesellschaft fur Teerverwertung 
mob.H., Duisburg-Mciderich. Test report of a dis- 
continuous distillation of low-temperature-carbon- 

. ization tar from Waldschacht coal in the test plant 
of the Ges. fur Tocrverwortung m.b.H., Duisburg- 
Meidorich. | 668.672 © 


Documents and drawings from I. G. Farbenindustrie Leuna 
Plant, pope eeree 


Ass Bescheetbune und Plan dor idbivakiaans: Descrip- | 
tion and diagram of tho coal hydrogenation. 672A-673 


2. Sumpfphase-Destillation Me 888. .Allgemeine Bosch- 
reibung der Anlage. Liquid phase distillation Me 
~ 888. Genoral description of the plant with appar- 
atus flow diagram (drawing No. M 6060-1) and draw- 
ing No. 1104b (4), showing locations of thermo- 
couples on pipo heater. 674-677 
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XI. 


XII. 


279 


l. 


Index Freme Nos. 


Description of the phencl installations with. draw- 
ings: M 5762-4 Phenolextraction, building Me 
953-M 6138-1 Phenol oil distillation, building _ 
Me 950 - Ena 3146-2, Flow diagram of springing 
and carbonizing equipment. 


Description of phenol plant “South” with drawings: 
M-10231 "d"%-2 phenol refining, building Me 992 
Sk-101145-4 Pherol fractionations, building Me 
983 Production scheme Jan./May, 1944 M-6048-16 
phenol fractionation, building Me 984 Flow dia- 
gram M-39eh "a"-1 phenol fractionation, building 
Me 983 Equipment arrangement M-6947-16 Pyrocate- 
col plant, building Me 9594. . 


Description of the manufacture and distillation of 
Cyclohexanol, with drawing.M 6881-15, building 
Me 978 and Me 975. 


Description ot the manvfacture of Cyclohexanone 
with flow diagram M 6€52-16, building Me 975. 


Description of the manufacture of Oxime and Luran 
(Caprolactam) with flow diagram M 5626a-8, 


Description of the adipic acid manifacture with 
flow diagram Sk 31745, building Me 205, 


The synthese stages of qeueees A, B, and'U, 


ther die oxydative Ringoffnung von scien pens cish 
zu Maukoneaurederivaten. Dr. Gunther Spengler, 
Munich. The oxidative ring fission of the o-di- © 
Say PenzOne to muconic acid Server ives: 


Dig Feiss von Schweltecron aus Bramiondé und 
Olschiefer mit’ selectiven Losung amitieln von. 
Prof. Dr. Ing. Ernst Turres, The extraction of 
low-temperature tar: from: brown coal and oil shales 
with selective solvents.by Prof. Dr, Ing. Ernst 
Terres. Reprint received from Edcleanu-Gusell- 
scheft, Berlin. 


Documents obtained rrom Devtsche Eréol-aktiengesellschaf, 


1. 


Berlin. 


fovaneueine in waar Raffinerte “Roeitz in den Faison 
ae ‘Producticn. at the Rositz | Refinery ‘in 
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685 -697 


698-706 


TO7-710 
711-713 
T1L4-71E 


717 


718-735 


739-754 


i? 


I.C. 7490 


Index. 


©. Vcrarbeitung von Schwelteer auf Paraffin. Produc- 
tion of peraffin from low-temperature tar with 
drawing Sk 327 and description thereof. 


3. Verarbeitungschema von Schwelteer auf Treibstoffe 
(durch Spaltung). Procedure for making motor 
fuel from low-temperature tar. (by cracking). 


4, Verarbeitung des Waschteers. The Broceset ne. of the 
wash-oil residues ("wash tar"). — 


XIII, 1. Document and drawing from Schwelwerk Offleben (dis- 
tillation plant Offleben) of Braunschweigische 
Kohlen Bergwerke, Helmstedt,. 


XIV. pecuaene: concerning Schwelerei Most (Brix), obtained 


from Hermann Goring Werke, Schwarzenfeld near Nurnberg. 


1. Aufbau und Arboitsweise der Lurgi-Spllgas-Schwelan- 
lage fur. Rohbraunkohle in Brix. Construction and 


production methods of the Lurgi-flushing-gas plant 


for low-temperature carbonization of Suro 
coal, - | ; 


2, Eloktrische Standmessung - auef Ghrung D. Blectrical 
level indicator - Model D. | 


3. Druckverlust in Rohrleitungen. Pressure drop in 
pipe systems. 3 


Hee? Lurg{ -Spulgas-Schwolanlagen. Bulletin of the “Lurgi- 


Spulgas" low-tcmpcrature carbonization plant. 
5. Flow diagram for the pe cpcr ature carbonization 
plant. ee 


6, COp - Waschanlage. COo - scrubbing plant. 


7. Kilardampf-Karbonisier Anlage Entwasserungsund 


Blasendestillation - Bau 342-344, Steam-stripping, 


springing, dehydration, and distillation plant 
(for. phenols) Building 342-344, 


8. CO - Reinigung, Brox, CO removal (from crude 
hydrogen). 


9, Winkler-Anlege, Brux. Bau 55 (Generstoren), Bau 58 


(Desintegratoren) u. Bau 66 (Geblase). Winkler 
plant - Brux. Building 55 (generators), Building 
58 (centrifugal dust removers), and leases 66 
(blowers). 
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756-759 


760-762 


763-764 


765-173 


T1475 


786-794 


795-805 


806-821 


822 
823-864 


865 -880 


981-887 


888 -900 


I.C. 7490 
Index. Frame Nos. 


10." Wégchol- und MittelOldestillation, Brilx. Wash 


oil and middle-oil dist{lldtion. | 901-920 
ll. Steam-flow diagram. | | a 921 
12. Condénsér-Water Flow piaeeene | | 922 
1 Aig Druckkonvertierung. Pressure converters. | 923-936 
14, Plant-flow dlegrem, os s 937 


15. Turbdinentrockner .- "But tner" - Turbine drier - 
"Buttner", | 2 2 °, | "938-957 


16, Der Turbdinentreckner in der. Braunkohlen-Aufberei tung 
von Dr. Ing. K. Fritzsche, Micheli. The ‘trubine 
drier in brown-coal production. oy ene 958-961 


17. Buttner Turbinen Trockner - seine Entwicklung. 
Buttner turbdino drier - ite development. 962-969 


18, Die S& ‘hwelung von feston Brennstoffen wid ihre 
Bedeutung fur die Beschaffung von flussigen Treibd- 
und Brennsetoffen. The low- -temperature carboni- 
zation of solid fuels and their Amportancé for the 
obtaining ford ‘Liquid fuels. _ | 970-979 


I. Documents and drawings pertaining to the removal of 
phenols from waste waters by varicus systems used at 
coke plants, hydrogenation plants, and Brown, Coe?» 
low-temperature carbonization plants. 


1. Statement and three drawings concerning depnhenoliz- 
ing of waste watcrs reccived from H. Koppers, Essen. 
| Entphenolung -. 27.11.1945 - ' Dephenolizing. Draw-': 
ings Nos. K 157, 10h, B 121, 748 TIPh, ‘ene. 2 eo. 888 
Phy. 629. . | aon 980-984, 


C's Beschreibung zum Schema oincr tatplione Wreeenlage 
nach Blatt V54/35h mit stchendem Ruhrwerk Wascher 
(System Still). Description of the plant for a 
dcphenolizing plant, with vertical agitator washer, 
according to drawing V 54/3h ("Sta1L" system). 985 -988 


3. Beschreibung einer Entphcnolungsanlazo mit Umpump- 
systcm, Still - Zoichnung : ‘Lab. S 83%. Description 
of a dephenolizing plant: with the "stil." recycling 
eveueae _ 989-991 
eTh9 - 81 - | 
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Entphenolungs - Anlage.: Dephenolizing plant: I . G: 


Farbenindustrie A. G.,.Merséburg-Leuna. Tricres- 
ylphosphate system. , 3 .. 992 - 


Gegenwartiger Stand der Entphenolung von Abwissern 


aus Kohleveredlungsanlazen von Dr. Ing. W. Herbert, 
Frankfurt a/M. Sonderdruck aus "Oel und Kohle" 38, 

Jahrgang 1942, Heft 19, Seite 525/31. Present | 

position of the dephenolizing of waste waters from 
coal-processing plants, Reprint from “Oil and 

Coal" 38, 1942, vol. 19, p pages 525/31. 993-1000 


Die Entphenolung von finer vienbet eso und Olen 


nach dem Phenosolvan-Verfahren von Dr. Alfred 
Dierichs, Leverkusen. Sonderabdruck aus der 
"Chemiker Zettung,” 1942 Jahrgang, 66; No. 22/28 
S 288. The dephenolizing of industrial wasto 


‘waters and oil by the Phenosolvan procoss by Dr. 


Alfred Dicrichs,. Leverkusen.. Reprint received | 
from Dr. Dicrichs at I. G. Farbenindustrie Plant 


. Schkopau. . 1001-1004 


Entphenolung von ‘Schwolwa.ssern, and -Phonolgewinnung 


bei der Aktierigesollschart Sachsische Werke von 

Dr. Ing. H. Just, Dresden, Sondcrdruck aus “Braun- 

kohle™’ 1941, Hoft 19, S. 245-2h9 und Heft 20, S. 

259-263. Dephenolizing of low-temperature coke 

plant waters and recovery of phenol at tho Akt. 

Sachsische Worke by Dr. Ing. H. Just, Dresdon. 

Reprint from “Braunkohle” 1941, vol. 19, pp. 245- 

2h9 and vol. 20, PP. 259-263, 1005-1013 


Phonosolvan process. Document from Dr. Lameck. 1014 


Documents from Emschorgonossenschaft, Essen. 


l. 


oi. 


3. 


Zchn Jahro Pisng igew inca aus. dem Gaswassor. dor 


Kokcreion im Rheinisch-Westfalischon Industrio- | 


_ biet - Essen 1939 - von Regierungsbaumeister . 


a.D.H. Wiegmann, Essen. Ten years of phenol re-. 
covery from the coke-plant gas liquors in the 
Rhine-Westphalia industrial area. Reprint re- 


.ceived from Dr. om Emschergenossenschaf t, - | 


Essen, | ** 4015-1022 


«. 


The Emschergeno seuuscnart.: | | 10235 ~1035 


Emsohergenossenachart ‘and Tipneseetand in den Jahren 


1925 bis 1930, "“Emschergenossenschaft" and 
"Lippeverband" in the years 1925 until 1930. 1036-1158 
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I. Catalogs and arawings tor Buttner Drier, Buttner Werks, 
A. G. Uerdingen, ccllected by Solid Fuels Team. 


1. Kohle-Trocknung und - Kunluneg. Coal drying and 
cooling (booklet) 1159-1199 


2, Der Turbinen Trockner - "Buttner"”. The turbine 
drier (pamphlet). . | | 1200-1219 


53. Farben-Pasten-Schlamm jeder Konsistenz. Colors- 
PE SUCe res NeRee or every consistency. 12e0-1ee7 


4, Buttner-Werke - Drawing 8186& - Anordnung dcr U. B. 
Anlage der Grube Elisabeth. Laycut of the U. B. 
Plant of mine "Elisabeth". 1228 


5. Aufptellungsplan des Buttner-Vert. Turb. Trockners 
fur Feinkohle - Drawing 0Tu 85518. Cross-sec- 
tional view of Buttner, vertical, turbine driers 
ror fine coal. 1229 


6. Aufetellung ciner Lignit-Trock., Anlage mit 
Buttner - Vertical - Tarbinentrocknern - Drawing 
OTu 58860. Cross- sectional view of a lignite- 
drying installaticn with Buttner, vertical, tur- 
bine, dricrs. | 1250 


Pert D: 


I. Documents from Mcssr. Julius Pintsch, Berlin, ccnecrn- 
ing: a. The "Pintsch-Hillebrand Procossl and 0. 
Synthetic gas from poat. ; 


a. 1. Letter to FIAT, Berlin, November 14, 1945. 1231-1232 


ce Die kontinuierliche Waccermanceeciae nach 

dem Umwalzverfahren mit bcsonderer Beruck- | 

sichtigung des Pintsch-Hillebrand Goneraters 

von Frcidrich Domann, Berlin. The continuous 
-watcr-gas production according to the re-cycl- 

ing proccss with special ¢onsidcration to the 
Pintsch-Hillebrand goncrators iby Friedrich 

Domann, Berlin, | 1253-1278 


3. Drawings for “Pintsch-Hillebrand" plant: 
EGH 0250 Schnitt durch dic PH We-Anlagc. 
Cross scction of thc PH-WG plant. (1279 
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BGH 0358 P. H. Waesergas-Anlage. P. H. 
Water-gas plant. 1280 


BGH 0533 (Title undiscernable) | | 1281 


BGH 0205 Elecktromotoren in Bau 1 und Bau 7. 
Electro motors in building 1 and building . 
Te 1282 


BGH 0385 Generator und Regenerator (Lang s- 
schnitt). Generator and regenerator 
(elevation view). ? | - 1283 


BGH 0590 Synthesegaserzougung aus Tort. 
Gicbelansicht der Anlage. Synthesis gas | : 
‘ production from peat. View of plant. 1284 


BGH 0386 Generator und Regenerator (Grundriss) 
Generator and regenerator (plan view), .. 1285 


BGH 0589 Synthescgascrz cuz qung aus Torf. | 
Lageplan: Synthesis gas production from . 
peat. Lay-out. 1286 


BGH 0418 Schema dcr Pintsch-Hillobrand . : 
Wassorgasanlege. Diagram of tho Pintsch- 
Hillebrand water-gas plant. 1287 


BGH 0630 Torfschwelanlage mit Cowporbcheizung’ 
Plant for the low-tcmperature carbonization 
of peat with i a heating systcm. 1288 


De. sks Synthesegas aus “Tort von Prof. Dr. Gustav 
Keppeler, Hannover, Synthetic gas from | 
peat by Prof. Dr. Keppelor, Hannover. 1289-1307 


I. 1. Copy of a Dissertation by Ing. F. Ay ‘Croy entitled 
entitled "Ucber ein Vorfahren zur Gowinnung, yon 
Brcenzcatcchin aus Braunkohlentceron, die Verwortung 
dcseolbden im Grossbotricbe und dic Reinigung dos . 
technischon Produktos." “Conccrning.a process for 
the rocovery of pyrocéetcchol from brown coal tar, . 
the usc of the samc on a largo scalo and the puri- 
fication of the technical product."™’ “1308-1369 
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